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The annual cycle  of spp. growth was s tudied  a t  two i n t e r t i d a l  
l e v e l s  in t h e  Coos Bay Estuary, Oregon i n  1983 and 1984. The mid 
i n t e r t i d a l  s i t e  was an a r e a  of rock outcrop and t h e  low i n t e r t i d a l  s i t e  
a bed of &wp~lrr ipg.  is present  a t  t h e  mid i n t e r t i d a l  s i t e  
throughout t h e  year, but  t h e  Ulva populat ion i n  t h e  low i n t e r t i d a l  does 
not  develop u n t i l  calmer condi t ions  p r e v a i l  i n  t h e  e s tua ry ,  usual ly  i n  
May. N e t  primary production was estimated by combining measurements of 
s tanding s tock and growth r a t e s  obtained from ind iv idua l ly  marked p lan t s  
grown i n  t h e  f i e l d .  Growth was r e l a t i v e l y  constant  throughout t h e  
growing seaeon which was March t o  August i n  t h e  mid i n t e r t i d a l ,  and May 
t o  August i n  t h e  low i n t e r t i d a l ,  but growth decl ined a t  both l eve l s  in  
September. The amount of biomass t r ans fe r red  t o  e s t u a r i n e  waters was 
g r e a t e s t  i n  Ju ly  and August, Annual n e t  production was est imated a s  
798g dry vt d2 i n  1983 and 1560g dry wt d2 i n  1984; of t h i s  72 - 73% 
was produced i n  t h e s e  two oonths. The low i n t e r t i d a l  s i t e  produced t h e  
i v  
most Ulva; during 1983, 79% of t h e  product ion was a t  t h i s  l eve l ,  and in 
1984 76% was found here. 
Once f ixed the  carbon i s  t r ans fe r red  through t h e  e s t u a r i n e  system 
in  a number of ways. The most rapid  t r a n s f e r  occurs a s  t h e  r e l e a s e  of 
dissolved organic carbon during photosynthesis.  Carbon 14 t r a c e r  
techniques were used t o  es t imate  t h a t  7.8% of t h e  f ixed carbon is l o s t  
a s  dissolved organic carbon during photosynthesis.  The major it y of t h e  
was t ransfer red  through t h e  es tua r ine  system a s  d r i f t  mater ia l .  It  
was estimated t h a t  70% of n e t  production becomes d r i f t  a lgae .  Algae a r e  
l o s t  a s  d r i f t  mater ia l  a t  a r e l a t i v e l y  constant  r a t e  throughout t h e  
growing season. The t r a n s f e r  of carbon by t h e  production and re lease  of 
gametes o r  zoospores occurs throughout t h e  year and accounts f o r  12% of 
the  carbon f ixed by t h e  algae.  The p r i n c i p a l  inve r t eb ra te  grazers  of 
Ulva a r e  amphipods and s n a i l s ;  t h e  Brant Goose Branta hpfnicla is t h e  
most important v e r t e b r a t e  grazer .  Grazing accounts f o r  10% of n e t  
production and is  most important a t  t h e  beginning and a t  t h e  end of t h e  
growing season. 
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Estuar ies  a r e  recognised a s  highly productive systems. Both 
vascular  p lan t s  and a lgae  con t r ibu te  t o  primary product ion. I n  
e s t u a r i e s  of t h e  P a c i f i c  northwest, such a s  Coos Bay, Oregon vascular  
p lan t s  are represented by l a rge  beds of t h e  ee lg rass ,  Z o s t e r a p a r i n a ,  
and t o  a l e s s e r  degree by t h e  introduced species ,  Z. iaponica ,  marsh 
vegetat ion,  and input from t e r r e s t r i a l  uplands. Algal  con t r ibu to r s  a r e  
phytoplankton, benthic macroalgae and periphyton. The r e l a t i v e  
con t r ibu t ion  o f  each conrponent t o  e s tua r ine  p roduc t iv i ty  v a r i e s  
depending on t h e  l a t i t u d e ,  s i z e  and hydrology of t h e  e s tua ry ,  but  a s  a 
genera l i za t ion  phytoplankton a r e  p resen t ly  considered t h e  most important 
primary producers i n  e s t u a r i e s  and submerged vascular  p l a n t s  t o  p lay  an 
important but  secondary r o l e  (Cor re l l  1978). The r o l e  of  s a l t  marshes 
is  controvers ia l .  Teal  (1962) and Odum and de La Crue (19671, suggested 
t h a t  d e t r i t u s  exported from marshes was t h e  cause of high e s t u a r i n e  
productivi ty.  Later  work however, indica tes  t h a t  i n  some cases  t h e  
export of  production from s a l t  marshes i s  very small (Heinle and Flemer 
1976; Haines 1977; Nixon 1979); indeed some marshes have been shown t o  
be n e t  importers of carbon (Woodwell e t  a l .  1977). These s t u d i e s  have 
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been conducted on north At lan t i c  and Gulf coast  s a l t  marshes which a r e  
extensive and extend well in to  the  mid i n t e r t i d a l .  By con t ras t  nor th  
P a c i f i c  s a l t  marshes occur a t  higher t i d a l  levels  and thus a r e  inundated 
l e s s  frequently.  In Coos Bay, a s  in  a l l  e s t u a r i e s  in t h e  nor theas tern  
P a c i f i c ,  extensive f i l l i n g  and diking of s a l t  marshes have f u r t h e r  
r e s t r i c t e d  p o t e n t i a l  product ion inputs  in to  t h e  estuary.  
Comprehensive data  on primary production i n  e s t u a r i e s  of t h e  
nor theas tern  P a c i f i c  a r e  r e l a t i v e l y  scarce.  Thom (1984b1, who 
extrapolated annual production r a t e s  from hourly r a t e s ,  estimated t h a t  
t h e  l a rges t  cont r ibut ion  of carbon t o  t h e  Grays Harbor es tuary ,  
Washington was made by ee lg rass ,  followed by benthic microalgae, marsh 
2 p lan t s ,  macroalgae and phytoplankton. On a per  m bas i s  green a lgae ,  
Enterornor~Bk/Bl id in~ia  sp. had t h e  highest  n e t  product iv i ty ,  but they 
were r e s t r i c t e d  i n  a r e a  s o  t h e  annual cont r ibut ion  t o  e s t u a r i n e  
production was not  large.  The presence of any f r e e  f l o a t i n g  a lgae  
associa ted  with the  Zostera beds i s  not mentioned. Naiman and S ibe r t  
(1978) suggested t h a t  i f  r i v e r i n e  inputs  were r e t a ined  within t h e  
es tuary  they would cont r ibute  t h e  l a rges t  por t ion  of organic carbon t o  
t h e  Nanaimo es tuary  i n  B r i t i s h  Columbia. Of autochthonous sources,  
marsh p lan t s ,  p a r t i c u l a r l y  Carex, were the  most important producers, 
followed i n  descending order  by ee lg rass ,  benthic microalgae, i n t e r t i d a l  
phytoplankton and macroalgae. Their  r e s u l t s  were questioned by 
Simenstad and Wissmar (1985) who showed t h a t  i n  t h e  Hood Canal, 
Washington, t h e  carbon input from benthic primary producers was severa l  
orders  of magnitude g r e a t e r  than t o t a l  r i v e r i n e  input of dissolved 
organic carbon, -and t h a t  on an  a r e a  bas is phytoplankton contr  ibut ed over 
half  t h e  primary production followed by macroalgae, primeri ly Ulva and 
@nteromor~llk* 
The r o l e  of primary producers depends p a r t i a l l y  on t h e  physical  
na ture  of t h e  e s tua ry  (Longhurst 1978). Welsh e t  a l .  (1982) found t h a t  
the  bes t  p red ic to r  of the  importance of a c e r t a i n  type of producer was 
t h e  area:volume r a t i o  of an es tuary .  Es tuar ies  with a high proport ion 
of t ide lands  w i l l  thus  have a high area:volume r a t i o ,  and benthic 
macrophyte production would be predicted t o  be important (Welsh e t  a l .  
1982). The Coos Bay es tua ry  i s  approximately 4,400 ha in a r e a  and 48% 
of t h i s  a r e a  i s  t ide lands  (Percy e t  a l .  19741, a por t ion  of these  a r e  
a reas  of rock outcropping where sediment deposi t ion  is  minimal and 
benthic  a lgae  can a t t ach .  S a l t  marshes in t h e  Coos es tua ry  have been 
reduced t o  about 10% of t h e i r  h i s t o r i c a l  ex ten t  (Hoffnagle and Olson 
19741, which m e t  seve re ly  r e s t r i c t  t h e i r  p roduc t iv i ty  cont r ibut ions .  
Fresh water input  is not  l a rge  a s  t h e  drainage bas in  is only 1567 km 2 
(Percy et a l .  1974). 
There a r e  s u b s t a n t i a l  ee lg rass  beds i n  Coos Bay which no doubt a r e  
important i n  e s tua r ine  product iv i ty .  During t h e  summer months much of 
t h e  macrophyte biomass i n  these  beds c o n s i s t s  of associa ted  benthic 
macroalgae, pr imar i ly  t h e  green a lgae  JJlva and Enteromorpha spp.(Gonor 
e t  a l .  1979). The con t r ibu t ion  of Bteromorpba spp. t o  seaeonal  
production i n  Coos Bay was est imated by Pregnal l  and Rudy (1985). 
Species of both B n t e r o m o w  and Ulva have a very wide geographic 
d i s t r i b u t i o n ,  occurring i n  both e s t u a r i e s  and on open c o a s t s  from t h e  
pole t o  the  equator ,  and so  could be expected t o  con t r ibu te  
s i g n i f i c a n t l y  t o  product iv i ty  i n  c e r t a i n  s i t u a t i o n s .  
Few es tua r ine  animals can feed on l iv ing  marine macrophyte 
mater ia l ;  thus most of t h i s  p lant  biomass is  u t i l i s e d  by consumers a f t e r  
the  p lan t s  have died (Kikuchi 1980). This d e t r i t a l  ma te r i a l  is rapid ly  
colonized by bac te r i a  and fungi  t h a t  break down t h e  s t r u c t u r a l  
components of the  p l a n t ' s  t i s s u e ,  which many inver t eb ra tes  cannot do 
(Hylleberg Kristensen 1972). I n  t u r n  protozoans, nematodes and 
harpacticoid copepods feed on t h e  bac te r i a  and fungi  on t h e  d e t r i t a l  
p a r t i c l e s .  Larger d e t r i t i v o r e  animals feed on t h e  organisms on the  
d e t r i t u s  but pass the  d e t r i t a l  p a r t i c l e s  r e l a t i v e l y  unchanged through 
t h e  gut  (Newell 1965). Algal  d e t r i t u s  is  more rap id ly  colonized and 
mineralized by microorganisms than vascular  p l a n t  materia  1 (Tenore 
19778). This d e t r i t a l  pathway is of prime importance i n  e s t u a r i e s .  
A i m s  of This Study 
This study aims to:  
1. Quantify the  primary production of t h e  green a lgae ,  Ulva spp. 
i n  t h e  Coos estuary.  
2. Determine how t h i s  production is  t r ans fe r red  wi th in  t h e  e s tua ry  
by examining l o s s  of p lant  t i s s u e  due t o  g raze r s ,  reproduction,  
removal of whole /par t ia l  p l a n t s  from t h e  s u b s t r a t e ,  and r e l e a s e  
of dissolved organic ma te r i a l .  
3. Construct a production budget f o r  Ulva spp. i n  Coos Bay. 
Standing crop is only an  approximation of production a s  i t  
considerably underestimates ne t  production because of unmeasured losses  
t o  g r a t e r s ,  plant  breakdown and r e l e a s e  of reproductive products and t h e  
loss  of dissolved organic materia 1s during photosynthesis (Mann 1972a; 
Brinkhuis 1977). High biomass turnover r a t e s  have been measured in  
marine a lgae  (Mann 1972b) and t h i s  i s  one way by which large  amounts of 
organic matter  from a lgae  a r e  contr ibuted t o  e s tua r ine  waters. 
Therefore I measured t h e  growth of Ulva i n  t h e  f i e l d  which, when 
combined with es t imates  of s tanding s tock,  provides a more accurate 
es t imate  of ne t  production. 
I a l s o  estimated i n  what forms t h e  a l g a l  production entered t h e  
e s tua r ine  system. It is  genera l ly  assumed t h a t  t h e  majori ty of 
e s t u a r i n e  macrophyte production becomes ava i l ab le  t o  primary consumers 
a s  d e t r i t a l  p a r t i c l e s  (Odum and de l a  Crue 19671, and t h a t  d i r e c t  
consumption of p l a n t s  is neg l ig ib le  (Mann 1 9 7 2 ~ ) .  I n  temperate 
e s t u a r i e s  t h i s  is p a r t i a l l y  t r u e  f o r  ee lg rass  (Kikuchi 19801, and 
poss ib ly  some a lgae ,  but Ulva is  an a t t r a c t i v e  food t o  some 
inver t eb ra tes  (Sousa 1979) and t o  some ve r t eb ra tes  (Einarsen 1965; Sousa 
19791, so t h a t  t h e  grazing of l iv ing  a lgae  could be of importance i n  
t h i s  e s tua r ine  s i t u a t i o n .  The impact of d i r e c t  grazing by inver tebra tes  
was estimated using counts  of animals found a t tached t o  p l a n t s  i n  the  
f i e l d  a t  low t i d e  and es t imates  of consumption of a lgae  from laboratory 
experiments. Black Brent geese (Branta be rn ic la )  a r e  present  i n  the  
Coos es tua ry  i n  t h e  spr ing  during t h e i r  northern migration. They a r e  
herbivores ,  feeding pr imar i ly  on ee lg rass  and Ulva (Einarsen 1965). I 
conducted goose exclosure  experiments t o  determine t h e  impact of t h e i r  
grazing on the  Ulva standing stocks.  
Ulva can be considered an oppor tunis t ic  species (sensu Connell 
1972) a s  it has the  p o t e n t i a l  f o r  high growth r a t e s  (Ohno and Mairh 
19821, and high gamete product ion (Subbaramaiah 1970), and the re fo re  the  
a b i l i t y  t o  colonize a reas  quickly when condi t ions  f o r  growth a r e  
favorable. The quan t i ty  of ma te r i a l  en te r ing  the  p a r t i c l e  pool a s  a 
r e s u l t  of the  r e l e a s e  of gametes o r  zoospores by Ulvawas estimated in  
t h i s  study. 
Algal loss  from t h e  eubs t ra t e  a s  a r e s u l t  of wind-induced wave 
a c t i o n  can be s u b s t a n t i a l ,  and i n  some ins tances  is responsib le  f o r  the  
autumn dec l ine  i n  biomass t h a t  i s  c h a r a c t e r i s t i c  of green a l g a l  
populat ions in temperate e s t u a r i e s  (P r i ce  and Hylleberg 1982). Algal 
breakdown is rapid  compared t o  t h a t  of vascular  p l a n t s  (Josselyn 1978) 
and p a r t i c l e s  of t h e  p lant  become r e a d i l y  a v a i l a b l e  t o  d e t r i t i v o r e s  and 
f u r t h e r  decomposition processes. I estimated t h e  export of d r i f t  Ulva 
from t h e  study s i t e  by capturing it i n  n e t s  placed downstream from the  
s i t e .  The r a t e  of breakdown of Ulva c a s t  up i n  t h e  s t rand l i n e  was a l s o  
measured. 
Primary production i s  t r ans fe r red  through t h e  es tuary  v i a  t h e  
r e l e a s e  of dissolved organic  ma te r i a l s  from p lan t s .  The amount of 
ma te r i a l  re leased i n  t h i s  manner during a l g a l  growth has been estimated 
f o r  a number of species  (Khailov and Burlakova 1969; Hoebus and Johnson 
1974; Brylinsky 1977 ; Pregnal l  1983b) and v a r i e s  depending on condit ions  
euch a s  degree of des icca t ion ,  t h e  amount of r a i n f a l l ,  and s a l i n i t y  
(Pregnall  1983b)-. Laboratory experiments were undertaken t o  quantify 
the  amount of dissolved organic ma te r i a l s  re leased by Ulva during 
photosynthesis. 
The study was conducted i n  t h e  Coos Bay es tua ry  i n  the  a r e a  between 
F o s s i l  Point and Pigeon Point (Figure 1-11, h e r e a f t e r  r e fe r red  t o  a s  
F o s s i l  Point. This s i t e  was chosen f o r  i t s  c l o s e  proximity t o  t h e  
Oregon I n s t i t u t e  of Marine Biology and because t h e r e  a r e  la rge  
outcropppings of rock with s u b s t a n t i a l  benthic a l g a e  and ee lg rass  beds 
within t h e  area .  Addit ionally t h i s  a r e a  of t h e  bay is t r a d i t i o n a l l y  
used by Black Brent during t h e i r  spr ing  migration. No attempt6 were 
made t o  iden t i fy  the  species  of Ulva co l l ec ted  during t h i s  study. This 
genus exh ib i t s  extreme environmental polymorphism ( ~ h i h a r a  1968; 
Hshigeni and Ka j u m l o  1979; Provaeoli  and P in tne r  19801, p a r t i c u l a r l y  
under e s tua r ine  condit ions (Steffensen 1976a; Wilkinson 1980; Oza e t  a l .  
1985). 
FIGURE 1-1. Location of study s i t e  within Coos Bay, Oregon. 1: Point 
Adams; 2: Empire Boat Landing; A - B: Transect line for 
drift  algal  studies. 
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CHAPTER I1 
GROWTH AND STANDING STOCK OF ULVA SPP. 
I n t  roduct ion 
Estuarine macroalgae r a r e l y  a t t a i n  the  high standing s tocks  
c h a r a c t e r i e t i c  of seagraeses (# Boy and HC Hi l l an  1977) o r  s a l t  marshes 
(Hoffnagle 1980). However, macroalgae have a high biomass turnover r a t e  
and consequently t h e  p o t e n t i a l  f o r  high l eve l s  of production (&nn 
1972b). Thie production can be meaeured i n  a number of ways (Byther 
1956; Brintrhuis 1977; Bach and Joeeelyn 1979). Estimations of maximum 
standing s tocks  can be used i n  speciee in which one assumes t h e r e  is  no 
l o s s  of l iv ing  mate r i a l  during t h e  growing season. Changes i n  standing 
s tocks  over a period of time can a l s o  be used. However, these  methods 
do not  take  i n t o  account losses  t o  grazers ,  removal of p l a n t s  from t h e  
subs t ra te ,  t h e  production and r e l e a s e  of gametes, o r  t h e  r e l e a s e  of 
dissolved organic mate r i a l s ,  and can severely underestimate ne t  
product ion (Hann 1972a). 
Other c o m n l y  used methods f o r  est imating production of macroalgae 
a r e  t h e  meaeurement of oxygen production (e.g. L i t t l e r  and Hurray 1974; 
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Heine 1983) o r  the  incorporat ion of radioact ive  carbon i n t o  p lan t  t i s s u e  
during photosynthesis (e,g. Wassman and Ramus 1973; Bach and Josselyn 
1979; Hall and Fisher  1985). Normally these  methods involve t h e  
enclosure of whole o r  p a r t i a l  p l a n t s  in  a chamber f o r  a shor t  period of 
t i m e  which may not be r ep resen ta t ive  of t h e  growing period a s  a whole 
(Brinkhuis 1977). Ulva shows a c i r cad ian  rhythm i n  p b t o s y n t h e t  i c  
a c t i v i t y  (Hishkind e t  a l .  1979) which means t h a t  r a t e s  taken a t  
d i f f e r e n t  times of t h e  day, o r  from algae  t h a t  have been held in  the  lab  
f o r  d i f f e r i n g  periods w i l l  vary. The oxygen evolut ion method can a l s o  
be subjec t  t o  considerable e r r o r s  i n  both sampling and in te rp re ta t ion  
( L i t t l e r  and Arnold 1980). A f o u r t h  way in  which production can be 
measured involves observing t h e  growth of known individuals ,  e i t h e r  i n  
laboratory s i t u a t i o n s  o r  h b ,  over a period of time and 
ext rapola t ing  t h e  r a t e  obtained t o  t h e  populat ion a s  a whole (Hann 
1972b). This metbod is p a r t i c u l a r l y  su i t ed  t o  f l a t  bladed species  of 
a lgae  which a r e  r e l a t i v e l y  easy t o  mark i n  some fashion.  Ulva is such a 
species:  i t  has a r e l a t i v e l y  f l a t  blade, no s t r u c t u r a l  d i f f e r e n t i a t i o n ,  
and it grows i n  a d i f f u s e  manner with no specia l ized  a r e a  of 
meristemat i c  t i s s u e ;  t h e  e n t i r e  p lant  is  capable of photosynthesis.  
Providing r e a l i s t i c  f i e l d  condi t ions  i n  a labora tory  s e t t i n g  can be 
d i f f i c u l t  and laboratory a r t i f a c t s  can lead t o  r e s u l t s  t h a t  have l i t t l e  
relevance t o  f i e l d  s i t u a t i o n s ,  Rhyne (1973) showed t h a t  measuring the  
growth of JJlva curvete i n  t h e  laboratory under simulated f i e l d  
condi t ions  could produce much higher,  and thus  probably u n r e a l i s t i c  
growth r a t e s  than those measured i n  t h e  f i e l d .  To give  an  es t imate  of 
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ne t  production of Ulva I combined monthly measurements of standing stock 
with t h e  monthly growth r a t e s  of marked f i e l d  individuals .  Net 
production is a  measure of gross  production minus re sp i ra t ion .  F ie ld  
measurements such a s  those i n  t h i s  s tudy do not  take  i n t o  account t h e  
loss  of dissolved organic carbon (DOC) during photosynthesis,  t hue t r u e  
n e t  production i s  not  being measured. The s igni f icance  of DOC r e l ease  
is  discussed in  Chapter 111. 
Physical  condi t ions  have a l s o  been shown t o  con t ro l  seasonal a l g a l  
biomass (Horn e t  a l .  1983). The most important physical  f a c t o r s  a r e  
r a i n f a l l ,  water temperature, s o l a r  inso la t ion  and n u t r i e n t  l eve l s ,  t h e  
r o l e  of each v a r i e s  depending on t h e  season and locat ion .  Semi-natural 
s t u d i e s  of the  growth of Ulva f a s c i a t a  i n  outdoor continuous c u l t u r e  by 
Lapointe and Tenore (1981) indicated t h a t  high a l g a l  d e n s i t i e s  caused 
shading of p l a n t s  which resu l t ed  i n  a  reduction of growth r a t e s .  They 
predic ted  t h a t  growth r a t e s  i n  t h e  f i e l d  would be g r e a t e s t  during the  
e a r l y  p a r t  of the  growing season when a l g a l  d e n s i t i e s  were low. Solar  
input i s  of obvious importance, e spec ia l ly  t o  annual a lgae  such a s  Ulva 
which have high l i g h t  s a t u r a t i o n  i n t e n s i t i e s  (Lapointe and Tenore 19811, 
but  probably a  va r i ab le  combination of physical  f a c t o r s  u l t ima te ly  
c o n t r o l s  a l g a l  growth. To f u r t h e r  expand such observations measurements 
of r a i n f a l l ,  water temperatures and s o l a r  input i n  t h e  v i c i n i t y  of t h e  
study a r e a  were obtained. 
Metbods and Mater ia ls  
Standing Stock Estimation 
The standing s tock of Ulva was estimated i n  t h e  Coos Bay es tuary  
between F o s s i l  Point  and Pigeon Point  a t  t h r e e  i n t e r t i d a l  l eve l s .  
Monthly c o l l e c t i o n s  were made during t h e  spr ing  t i d e  s e r i e s  i n  the  
middle of t h e  month a t  a  high i n t e r t i d a l  s i t e ,  1.4 - 1.0 f t  (January 
1983 - December 19831, a  mid i n t e r t i d a l  s i t e ,  0.6 - 0.3 f t  (March 1982 - 
October 19841, and a low i n t e r t i d a l  s i t e ,  -0.1 - -0.4 f t  (January 1983 - 
October 1984) ; a l l  he igh t s  a r e  above HLLW. Because sampling occurred in  
t h e  middle of a  month t h e  es t imate  of biomass a c t u a l l y  covers t h e  period 
from f o r  example, mid Harch t o  mid Apr i l ,  a l though I w i l l  r e f e r  t o  the  
four week period by t h e  f i r s t  month t h a t  t h e  period covers. A l l  t h e  
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within  s i x t e e n  0.125 m quadrats  randomly placed a t  each t i d a l  
height  were gathered from t h e  subs t ra t e .  On r e t u r n  t o  t h e  laboratory 
t h e  a lgae  were r insed with f r e s h  water,  u n t i l  any sediment o r  animals 
a t tached t o  t h e  p l a n t s  were removed, t h e  animals were s to red  i n  70% 
ethanol ,  and t h e  a lgae  d r i ed  a t  6 0 ' ~  f o r  24-48 hours a f t e r  which they 
were weighed. The dry  weight :wet  weight r e l a t  ionship was determined 
during the  f i r s t  four  months of sampling and i s  shown i n  Figure 11-1. 
Primary product ion of Ulva 
Estimates of  the  growth of individual  p l a n t s  were made under 
f i e l d  condi t ions  a t  t h e  mid and low i n t e r t i d a l  s i t e s  using d i f f e r e n t  
techniques a t  each f o r  reaeons explained below. 
FIGURE 11-1. Dry weight: wet weight relationship for Ulva spp. 
collected in Coos Bay. 
DRY WT= 0.192 WET WT 
WET WEIGHT ULVA G 
Mid i o t e r w .  
The mid i n t e r t i d a l  s i t e  c o n s i s t s  of a broad rock platform with 
boulders and patches of shallow sediment. The growth of Ulva was 
measured a t  t h i s  s i t e  from Uarch 1983 t o  September 1984. Removable 
a r t  i f  i c i a l  subs t ra t e s  were placed randomly throughout the  site. The 
a r t i f i c i a l  s u b s t r a t e s  cons is ted  of a 15 cm x 15  cm piece of p lex ig lass  
on which I glued t h r e e  s t r i p s  of 5 cm wide ve lc ro  tape.  The hook s i d e  
of t h e  tape  was a t tached t o  t h e  p lex ig lass  allowing t h e  fuzzy s i d e ,  on 
t h e  back of which a lgae  s e t t l e d ,  t o  be pulled o f f .  A 7 mm hole was 
d r i l l e d  i n  t h e  cen te r  of t h e  p lex ig lass ,  through which a threaded 
s t a i n l e s s  s t e e l  rod, hammered i n t o  t h e  rock s u b s t r a t e  was passed. The 
squares were held t i g h t  t o  t h e  s u b s t r a t e  with a wing nut screwed onto 
the  rod. Before p lac ing them a t  t h e  study s i t e  t h e  squares were 
seasoned i n  running eea water f o r  two months; no green a lgae  developed 
on t h e  squares during t h i s  time. A t o t a l  of 24 squares were placed i n  
t h e  i n t e r t i d a l  over t h e  2 year period. Once Ulva began t o  s e t t l e  on t h e  
squares individual  s t r i p s  of ve lcro  with a t tached a lgae  were removed, 
placed i n  a bucket of seawater,  brought t o  t h e  l ab  and t h e  s i z e  of Ulva 
meaeured by making a photocopy. The blade was marked c l o s e  t o  i ts  
margin with a s e r i e s  of small holes made with a disposable p i p e t t e  t o  
f a c i l i t a t e  i d e n t i f i c a t i o n  a t  a l a t e r  d a t e ,  and t o  determine i f  e ros ion 
was taking p lace  a t  t h e  edge of t h e  blade. Whenever poss ib le  t h e  
squares were returned t o  t h e  site on t h e  same low t i d e ,  although i n  some 
cases t h e  squares were kept  over n ight  i n  a tank of running seawater and 
returned the  next day. Each s t r i p  of ve lcro  was individual ly  marked so 
t h a t  it was always replaced in  the  same o r i e n t a t i o n  on i t s  appropr ia te  
square. 
I measured 128 p lan t s  i n  t h i s  manner i n  1983, and 242 i n  1984. 
The length of time between measurements var ied  from 2 t o  11 days with a 
mean of 3.9 days. The average time t h a t  an individual  p lant  was tracked 
was 7.7 2 6.1 days; the  longest period a p lant  was tracked was 33 days. 
To ensure t h a t  an a lga  growing on t h e  squares was rep resen ta t ive  of t h e  
population, 30 p lan t s  were gathered a t  random using a 15 cm x 15  cm 
quadrat and t h e i r  s i z e  was compared with 30 p lan t s  taken from 5 
a r t  i f  i c i a l  squares ; a t - t e s t  revealed no s i g n i f  icant  d i f f e rence  ( t  = 
0.52, d.f.6 59, p >0.1). 
Low i n t e r t  ids. 
The low i n t e r t i d a l  s i te  is  i n  a  bed of Zostera p a r h a  and t h e  
absence of s o l i d  s u b s t r a t e  prohibi ted  t h e  use of anchorable a r t i f i c i a l  
s u b s t r a t e s  t h a t  would not be suscept ib le  t o  sedimentation. A s  an 
a l t e r n a t i v e  method t o  measure primary production here,  Ulva was grown 
ins ide  p l a s t i c  chambers anchored t o  the  subs t ra t e .  Ulva was co l l ec ted  
a t  random from t h e  study s i t e ,  and r insed i n  running seawater t o  remove 
any sediment and organisms. The animals were preserved i n  70% ethanol .  
The Zl,;l,yk blade was spread f l a t  on a piece of p l a s t i c  and a copy made. A 
blade was placed i n  40 cm x 31 cm t ransparent  p l a s t i c  bag which had 144 
holes,  9 mm i n  diameter,  punched through the  bag. To ensure c i r c u l a t i o n  
of  water through the  bag, a l l  four s i d e s  were held a p a r t  by wooden 
s l a t s .  A cord was a t tached t o  t h e  s l a t  a t  t h e  bottom of the  bag by 
which i t  was t i e d  t o  a s t ake  pushed i n t o  the  mud. From May - September 
1983 and May - September 1984 twelve bags were placed randomly a t  the  
s i t e  each month. The bags were l e f t  f o r  periods of 3 - 6 days, a f t e r  
which the  Ulva were again photocopied. In some cases ,  depending on the  
height of the  low t i d e  s e r i e s ,  t h e  a lgae  were r insed with seawater, 
replaced i n  t h e  bag and returned t o  t h e  study s i te  f o r  f u r t h e r  growth 
experiments. The bags were never l e f t  in  the  f i e l d  f o r  more than 7 
days. 
Estimation of growth r a t e s .  
The a r e a  of t h e  p l a n t s  was measured from t h e  photocopies with a 
p l o t t i n g  planimeter. A t  t he  end of  t h r e e  s e r i e s  of growth experiments 
from both t h e  a i d  and lower i n t e r t i d a l  s i t e s  the  Ulva was d r i ed  and 
weighed and from these  measurements t h e  p lant  area:dry weight 
r e l a t i o n s h i p  was determined using l i n e a r  regress ion  techniques ( ~ i g u r e  
11-21. A t  both s i t e s  growth r a t e s  were estimated by t h e  following 
formula: 
Growth r a t e  = In F i n a l  ~ l a n t  weinht - la I n i t i a l  p l an t  weinht 
No. of days between i n i t i a l  and f i n a l  measurement 
When an individual  p lant  was measured more than once more than one 
growth r a t e  wae obtained. A monthly growth r a t e  f o r  each t i d a l  height 
was ca lcu la ted  by averaging t h e  growth r a t e s  of t h e  individual  plants .  
The a lgae  growing on the  squares a r e  subjec t  t o  grazing losses  
during t h e  period i n  which growth measurements were ca lcula ted .  To 
F I G W  11-2. The relationship between area and dry weight for 
Ulva spp. col lected i n  Coos Bay. 
A R E A =  337.2 DRY WT ' 
R*= 0.92 
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account f o r  t h i a  the  number of herbivorous s n a i l s  and amphipods found 
at tached t o  t h e  Ulva co l l ec ted  each month f o r  biomass est imations were 
counted and the  g ra t ing  r a t e s  of amphipods and s n a i l s  were determined by 
conducting laboratory experiments. One t o  two grams of U ~ Y B  were placed 
in  d ishes  of seawater with 10 amphipods in  f i v e  d ishes ,  10 s n a i l s  i n  
another f i v e  d ishes  and f i v e  d ishes  with only a lgae  a s  cont ro ls .  The 
d ishes  were placed i n  a  constant  temperature box a t  llOc with a 14:lO 
hour 1ight:dark cycle and t h e  seawater was changed every o the r  day. 
Af ter  one week I measured t h e  d i f fe rence  i n  the  w e t  weight of t h e  a lgae  
and t h e  wet weight of t h e  inver tebra tes .  Two s e t s  of experiments were 
conducted, one i n  Hay, and one i n  August. The loss  t o  grazers  was 
estimated using t h e  following formula: 
Grating r a t e  = No. of grazers /g  Ulva x g ea ten  /day 
The amount of ea ten  during t h e  l ab  experiments i n  Hay was used t o  
c a l c u l a t e  the  grazing r a t e s  f o r  March t o  June, and t h e  amount ea ten  i n  
August was used f o r  t h e  r a t e s  f o r  Ju ly  t o  August. The grazing r a t e  f o r  
each month was added t o  t h e  growth r a t e  measured in t h e  f i e l d .  
During t h e  growing season Ulva p lan t s  a r e  t o r n  from t h e  s u b s t r a t e  
by waves and thus  no longer con t r ibu te  t o  production, unless  they 
continue t o  grow a s  they d r i f t  around i n  the  es tuary .  It was assumed 
t h a t  t h i s  removal occurs a t  a  constant  r a t e  throughout t h e  month. To 
account f o r  t h i s  a l g a l  l o s s  a  constant  (k) r e l a t e d  t o  t h e  change i n  
biomass over t h e  month was ca lcu la ted  a s  follows: 
where B t  = biomass a t  time t 
Bo = i n i t i a l  biomass 
t = time (days) 
Harked Ulva p lan t s  grown in running seawater i n  t h e  laboratory showed 
t h a t  growth was equally d i s t r i b u t e d  throughout t h e  blade. Assuming t h a t  
growth is always exponential,  t h e  production during a month was 
determined by the  formula: 
Production = Bo x (ekt - 1 )  x r 
k 
where Bo = a c t u a l  biomass a t  t h e  beginning of t h e  sampling period 
e = exponential  constant  
k = constant  r e l a t e d  t o  the  change i n  biomass over a month 
t = t i m e  (days) 
r = growth r a t e  measured i n  the  f i e l d  with add i t ions  f o r  grazing 
The monthly production was added t o  t h e  i n i t i a l  biomass t o  g ive  a 
predicted f i n a l  biomass which was compared with t h e  biomass measured i n  
t h e  f i e l d  each month. The d i f fe rence  between t h e  two was a t t r i b u t e d  t o  
losses  of a l g a l  t i s s u e  t o  grazers ,  p lant  l o s s  from the  s u b s t r a t e  and 
reproduct ion. 
Phys i c a  1 parameters 
Measurements of r a i n f a l l  f o r  each month of 1983 and 1984 were taken 
from da ta  co l l ec ted  a t  t h e  North Bend a i r p o r t  approximately 4 km 
upstream from t h e  study s i te  (NOAA 1983, 1984). Water temperatures a r e  
measured on average 5 times a week during high t i d e  a t  t h e  OIMB 
boathouse p i e r ,  approximately 3 km downstream from t h e  study s i t e  and 
the  mean8 of  each month1# measurements f o r  1983 and 1984 were computed. 
Informetion on the  monthly s o l a r  input i n t o  the  a r e a  was obtained from a 
monitoring s t a t i o n  s i t u a t e d  on the  top  of Tioga Hal l ,  a t  the  
Southwestern Oregon Community College campus, approximately 5 km 
northeast  of t h e  study s i t e .  
Resul ts  
Standing Stock 
The standing s tocks  of Ulva show a d i s t i n c t  seasonal  pa t t e rn :  
bionrass increases from Harch t o  August and then dec l ines  r a p i d l y  u n t i l  
almost a l l  t h e  Ulva is  l o s t  from t h e  i n t e r t i d a l  i n  November (Figure 
11-3). The biomass was higher f o r  a l l  months of 1984 than i n  t h e  same 
month in 1983. A 1 1  t h r e e  l e v e l s  sampled show a s i m i l a r  p a t t e r n  of 
biomass a c c u m l a t i o n  and l o s s  (Table 11-11 al though some Ulva p l a n t s  a r e  
a t tached t o  t h e  rock i n  t h e  mid i n t e r t i d a l  throughout t h e  year ,  whereas 
a l l  a lgae  a r e  l o s t  from the  low i n t e r t i d a l  a f t e r  October. Maximum 
standing s tock occurs in  August and t h e  low i n t e r t i d a l  s i t e  con t r ibu tes  
the  highest  amount of algae.  I n  1983 83% of t h e  standing s tock was 
found a t  t h i s  l e v e l ,  and i n  1984 88%. The high i n t e r t i d a l  l e v e l  
con t r ibu tes  very l i t t l e  t o  s tanding s tock;  maximum biomass occurs here 
i n  Hay and biomass dec l ines  r a p i d l y  i n  t h e  following months. The mid 
i n t e r t i d a l  s i t e  shows considerable v a r i a t i o n  between years.  The maximum 
standing s tock i n  1982 was over twice t h a t  reached in  1984, and almost 
four t imes t h e  maximum seen i n  1983. The timing of maximum standing 
s tock a t  t h e  mid i n t e r t i d a l  l e v e l  a l s o  d i f f e r e d  between years ,  i n  1982 
the  maximum occurred i n  Ju ly ,  i n  1983 i n  August and i n  1984 i n  June. 
FIGURE 11-3. Annual pattern of Ulva standing stock a t  Fossi l  Point: the 
l ine represents the combined results  for a l l  levels of the 
intertidal and the vert ical  bars are the standard errore of 
the means. 

Table 11-1. Biomass of  Ulva a t  t h r e e  t i d a l  l e v e l s  a t  F o s s i l  Po in t  
High 1.4-1.0 f t ;  Mid 0.6-0.3 f t ;  Low -0.1- -0.4 f t .  
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Net Primary Product ion 
A t  t h e  mid i n t e r t i d a l  s i t e  growth r a t e s  f o r  a l l  months of 1983 a r e  
lower than those from 1984 (Table 11-21, r e f l e c t i n g  t h e  trend seen in  
t h e  biomass measurements. A s imi la r  t rend e x i s t s  i n  the  low i n t e r t i d a l  
with the  exception of August 1984. During both years the  growth r a t e  a t  
both leve 1s remains r e l a t i v e l y  constant  from the  beginning of the  
growing season t o  August, but is much lower i n  September. The growth 
r a t e s  of t h e  low i n t e r t i d a l  a l g a e  a r e  higher than those of t h e  mid 
i n t e r t i d a l  with t h e  exception of August 1984 and September 1983 and 
1984. 
During a l l  months of t h e  growing season t h e  estimated biomass i s  
l a rge r  than what i s  a c t u a l l y  seen (Table 11-31, indica t ing  t h a t  a l g a l  
ma te r i a l  is  l o s t  from t h e  populat ion and becomes ava i l ab le  t o  e s tua r ine  
consumers. This  con t r ibu t ion  i s  shown i n  Figure 11-4. Turnover of t h e  
a l g a l  population can be expressed a s  doubling time, t h e  number of days 
it takes  f o r  t h e  population t o  double i ts biomass. This ranges from 7.5 
t o  20.7 days i n  t h e  mid i n t e r t i d a l  and from 2.5 t o  29.9 days i n  t h e  low 
i n t e r t i d a l  (Table 11-31. I n  1983 doubling times i n  the  low i n t e r t i d a l  
a r e  shor te r  than those  i n  t h e  mid i n t e r t i d a l  f o r  a l l  months except 
September. This is a l s o  t h e  case  i n  1984 with the  exception of the  
longer time i n  the  low i n t e r t i d a l  i n  August. 
Considerably more a lgae  were ava i l ab le  t o  the  e s tua r ine  system i n  
1984 than i n  1983 (Table 11-41 indica t ing  t h a t  year  t o  year d i f f e rences  
can be l a rge  and r e f l e c t i n g  t h e  t rend seen i n  both biomass and growth 
Table 11-2. Daily growth rates  of Ulva spp. a t  Foss i l  Point. 
S.E. = standard error of the mean. 
Month Mid intert idal  
Mean 2 SE n 
March 
0.04375 0.0174 9 
Apr i 1 
0.051620.0150 10 
b y  
0.0469 + 0.0077 21 
June 
0.0333 2 0.0072 20 
July 
0.0540 + 0.0047 27 
Augus t 
0.0597 + 0.0050 25 
September 





0.0536 2 0.0055 45 
0.059920.0056 57 
June 
0.0383 20.0068 38 
July 
0.0790 +0.0050 29 
Augu s t 
0.0747 20.0073 26 
September 
0.0218 20.0171 23 
October 
Low intert idal  
Mean 5 SE n 
Table 11-3. Observed and estimated biomass of Ulva during t h e  
growing season in  t h e  mid and low i n t e r t i d a l  a t  F o s s i l  
Point .  N = 16. SE = standard e r r o r  of t h e  mean. 
Mid i n t e r t i d a l  Low i n t e r t i d a l  
Observed Estimated No.of Observed Estimated No.of 
biomass biomass days t o  biomase biomass days t o  
g dry  w t  double g dry w t  m'2 doub l e  
Date mean? SE mean5 SE 
Uarch 
3.45 0.5 8.1 13.0 
Apr i 1 
3.85 0.2 12.7 9.0 
U ~ Y  
8.35 1.7 21.8 11.8 1.3 5 2.4 9.5 4.2 
June 
11.05 2.6 24.1 13.7 7.9 5.0 72.4 3.8 
Ju ly  
15.423.4 43.2 11.0 59.6 511.6 237.8 7.8 
Augue t 
18.85 5.9 44.8 13.0 97.4 5 17.3 247.2 12.2 
September 
11.05 1.8 16.0 20.6 60.3 510.6 60.6 29.9 
October 
Harch 
12.55 1.8 39.6 9.8 
Apr i l  
10.45 0.6 29.5 10.6 
U ~ Y  
13.45 3.5 55.3 7.5 3.951.2 24.4 5.0 
June 
37.15 9.9 72.7 15.3 14.7 5 4.5 177.7 2.5 
Ju ly  
25.42 4.5 88.4 8.9 143.4 527.4 542.2 8.2 
August 
25.85 5.6 72.6 11.0 195.2 548.8 434.0 13.9 
September 
16.65 4.0 24.1 20.7 119.3 219.4 118.8 - 
October 
FIGURE 11-4. Eetimated production l e s s  observed biomaee for  monthly 
intervale during the 1983 and 1984 growing eeason. The 
upper l i n e  repreeente both the mid and low s i t e e  and the 
lower l i n e  repreeente the contribution of  the low 
inter t ida l  e i t e .  

measurements. The low i n t e r t i d a l  s i t e  cont r ibutes  a  much l a rge r  amount 
of mater ia l  t o  the  es tuary  than the  mid i n t e r t i d a l  s i t e ,  t h e  major i ty  of 
t h i s  occurring during Ju ly  and August. (Table 11-41. 
The product iv i ty  of  JJlva measured i n  t h i s  s tudy l i e s  i n  t h e  mid 
range of values reported i n  t h e  l i t e r a t u r e  f o r  marine macrophytes, but 
i e  comparable with t h a t  of o t h e r  a l g a l  systems (Table 11-51, The 
extremely high values reported by Davis (19811 f o r  $ntet~IWtDhaD and by 
Simenstad and Wissniar ( 1985) f o r  U1va/a/Enterog&r~ha a r e  ext rapola t  ions of 
measured hourly r a t e s  of carbon f i x a t i o n  t o  a  year ly  period and thus  may 
be subjec t  t o  a  number of e r r o r s .  
Dry weight was converted t o  grams of carbon using t h e  f i g u r e  of 
34.7% a s  reported f o r  Ulva f a s c i a t a  by Lapointe and Tenore (1981). A 
s imi la r  percentage was measured by Bach and Josselyn (1979) f o r  
Clado~hora  v r o l i f e r a ,  and Westlake (1963) g ives  an average f i g u r e  of 38% 
f o r  a l l  algae. The conversion r e s u l t s  i n  an annual con t r ibu t ion  of 
carbon t o  t h e  e s tua ry  of 277g m-2 f o r  1983, and 541g m-2 i n  1984. The 
t o t a l  cont r ibut ion  can be est imated by using t h e  a r e a  wi th in  t h e  e s tua ry  
t h a t  is  s u i t a b l e  h a b i t a t  f o r  growth of Ulva (Figure 11-51. The loca t ion  
of the  ee lg rass  beds a r e  taken from Gaumer e t  a l .  (19731, and the  a r e a s  
of hard s u b s t r a t e  were determined i n  t h i s  study. Eelgrass bed loca t ions  
mapped by Gaumer e t  a l .  d id  not  d i f f e r  s u b s t a n t i a l l y  from loca t ions  and 
s p a t i a l  a rea  occupied by ee lg rass  t e n  years l a t e r  (Hodder, pe r s  
observ. 1. From Figure 11-5 I es t imate  t h a t  27% of t h e  lower por t ion  of 
t h e  e s tua ry  supports  m ' e  growth. This  implies an  annual con t r ibu t ion  
of between 2.9 and 5.7 x 1 0 % ~  carbon t o  the  es tuary .  
Table 11-4. Production of Ulva ava i l ab le  t o  the  Coos Bay 
es tua r ine  system. 
Uon t h I n t e r t i d a l  Level 
Mid Low 
I n i t i a l  Product ion F ina l  I n i t  i a l  Product ion F ina l  
Biomass Biomass Biomass Biomas s 
g dry weight me2 
March 
3.4 













To ta l  f o r  1983 
March 
12.5 












To ta l  f o r  1984 
Table 11-5. Annual product ion measurements f o r  marine macrophytes . 
Species gc m-2 yr-l Reference 
ALGAE 
!!.h 277 - 541 t h i s  study 
m d $ n t e r o ~ ~ b a  4644 Simenstad & Wissmar 1985 
Ent eromor~ba/Bl id innie  125 
Enteromor~ba ep. 
e E n t e r o m r ~ b a  ep. 
Fucus ~ i c u l o s u s  414 
a c u s  ~ l o e u e  
and b s c o ~ h v  1 lum 
. . Fucus j$ieticbus ssp. s d e n t a t u s  964 
b s c o ~ h v  1 lum 540 
Laminaria ep. 1225 
Laminarig and &arum 1750 
VASCULAR PLANTS 
Zostera w r i n g  1186 
Zoe t e r e  pyr ina  
Carex mareh 





Pregnal l  & Rudy 1985 
Baird and Milne 1981 
Joseelyn & Mathieson 1980 
Brinkhuis 1977 
Thom 1983 
Josselyn & Hathieson 1980 




Simenstad & Wissmar 1985 
Simenstad & Wissmar 1985 
Physical  parameters 
The mean monthly water temperatures, t h e  monthly amounts of 
r a i n f a l l  and inso la t ion  f o r  1983 and 1984 a r e  presented i n  Figure 11-6. 
The r a i n f a l l  p a t t e r n  i s  s imi la r  i n  each year;  r a i n f a l l  i s  high during 
t h e  months of October t o  Apr i l  and f a l l s  t o  below lOcm during May t o  
September. Thus r a i n f a l l  l e v e l s  a r e  low during most of m ' s  growing 
season. Water temperatures a r e  r e l a t i v e l y  constant  i n  Coos Bay, with an 
annual range of 10 -15 OC. With t h e  exception of October, water 
temperatures i n  1983 were higher than those of 1984, probably a s  a 
r e s u l t  of t h e  1982/83 E l  N ~ O .  The i n t e n s i t y  of inso la t ion  remained 
r e l a t i v e l y  constant  from Hay t o  September i n  1983. I n  1984 s o l a r  
i n t e n s i t y  was higher during Hay t o  August than i n  1983. 
p i scuss  ion 
Each i n t e r t i d a l  l e v e l  sampled shows a s imi la r  p a t t e r n  of seasonal  
biomass accumulation and loss .  The mid i n t e r t i d a l  s i t e  maintains a 
small  populat ion of a lgae  over t h e  winter  months, but t h e  p l a n t s  i n  t h e  
lower i n t e r t i d a l  a r e  not  a t tached t o  t h e  s u b s t r a t e  and a r e  l o s t  from t h e  
e e l g r a s s  bed with t h e  advent of winter  storms. The population of Ulva 
i n  the  low i n t e r t i d a l  does not  form u n t i l  condi t ions  i n  the  e s tua ry  a r e  
s u i t a b l e  f o r  t h e  growth and maintenance of unattached a l g a l  populations. 
The timing depends on r i v e r  flow and wind s t r e n g t h  and d i rec t ion .  In  
both 1983 and 1984 t h i s  population did not appear u n t i l  l a t e  Apr i l  - 
Hay. Simi lar  unattached a l g a  1 populat ions have been recorded from 
FIGURE 11-5. Area of the Coos estuary with Zostera beds with U l v a  
e and rock outcroppings. The location of the eelgrass beds are from Gaumer et a l .  (1973). 

FIGURE 11-6. The average monthly ineolation, the nonthly rainfal l  and 
the mean monthly water temperature in the area adjacent t o  
Fossi l  Point, Coos Bay for 1983 and 1984. 1983, 1984 
SUNLIGHT 
J F M A M J  J A S O N D  
Washington (Pr i ce  and Hylleberg 1982; Thorn 1984a1, f o r  north-west 
At lan t i c  e s t u a r i e s  , where t h e  brown a l g a ,  Asco~hv  llum nod08um forms 
large unattached populations (Chock and Mathieson 19831, and in  Great 
Br i t a in  where a number of species  e x h i b i t s  t h i s  p a r t i c u l a r  growth form 
(Burrows 1958). 
The major i ty  of Ulva p l a n t s  i n  t h e  low i n t e r t i d a l  ee lg rass  beds a r e  
unattached so they a r e  e a s i l y  removed from the  a rea  by wind and wave 
ac t ion .  Therefore, t h e  calmer t h e  condi t ions  during t h e  summer months, 
the  g r e a t e r  w i l l  be t h e  Ulva biomass a t  t h i s  s i t e .  Production however, 
may not be higher a s  n u t r i e n t  o r  l i g h t  l eve l s  may l i m i t  t h e  growth of 
the  algae.  There is some evidence (Cadee and Hegeman 1974) t h a t  
e s tua r ine  sediments probably supply adequate n u t r i e n t s  f o r  t h e  growth of 
macroalgae eepec ia l ly  i n  a r e a s  where sewage e f f l u e n t s  a r e  re leased 
(Sawyer 1965; Burrows 1971). No measurement of n u t r i e n t  l eve l s  were 
made i n  t h i s  s tudy but an o u t f a l l  from a sewage treatment p lant  is  
approximately 2 km upstream from t h e  study s i t e .  The e f f e c t  of t h i s  
o u t f a l l  on t h e  growth r a t e s  and standing stock of  t h e  Ulva was not  
s tudied.  High standing s tocks  can r e s t r i c t  l i g h t  penet ra t ion  t o  the  
lower l eve l s  of a lgae  (Lapointe and Tenore 1981 ; Pregnal l  1983a), t h i s  
may l i m i t  product ion during calm periods.  
Phys i ca  1 f a c t o r s  s t rongly  inf luence  t h e  primary product i o n  and 
biomass of macrophyt i c  algae.  High a l g a l  s tanding s tocks  a r e  associa ted  
with an increase  i n  day length, lowered r a i n f a l l ,  and temporal 
d i s t r i b u t i o n  of infrequent  storms (Horn e t  a l .  1983; Josselyn and West 
1985). This  is  c e r t a i n l y  t r u e  f o r  i n  Coos Bay, where standing 
stocks increase throughout the  spring t o  a peak i n  August. During t h i s  
period r a i n f a l l  i s  r e l a t i v e l y  low, s o l a r  input is  a t  a maximum and few 
storms a r e  recorded. The dec l ine  a f t e r  August i s  r e l a t ed  t o  t h e  inverse  
of the  f a c t o r s  mentioned by Horn e t  a l .  (19831, and possibly t o  grazing 
pressures (Hatcher and Larkum 1983). Year t o  year f luc tua t ions  in  
standing stock s imi la r  t o  those i n  t h i s  study have a l s o  been reported by 
Pr ice  and Hylleberg (1982); Warwick e t  a l .  (1982) and Peck01 and Sear l e s  
(1984). 
The ne t  primary production of Ulva spp. i n  Coos Bay is a s  high a s  
has been reported elsewhere f o r  o the r  macroalgae, and comparable wi th  
the  o f t en  c i t e d  sal tmarsh and seagrass ecosytems ( see  references Table 
1 1 - 5  I n  e s t u a r i e s  where i n t e r t i d a l  f l a t s  o r  Zostera beds a r e  
extensive,  a s  i n  many i n  the  nor theas tern  P a c i f i c ,  green macroalgae can 
represent  a s i g n i f i c a n t  carbon source. The green a lga  E n t e r o m r ~ h g  has 
been shown t o  be highly productive i n  these  e s t u a r i e s  (Davis 1981; 
Pregnal l  1983b; Thom 1984a); Ulva, o f t e n  found lower i n  t h e  i n t e r t i d a l  
is a s  productive. These green macroalgae have been a l l  but ignored a s  a 
source of organic matter  i n  s t u d i e s  of e s tua r ine  food webs and n u t r i e n t  
cycl ing.  
The growth r a t e s  of green a lgae  a r e  a l s o  influenced by changes i n  
s o l a r  inso la t ion  (Davis 1981; Rosenburg and Ramus 19811, water 
temperatures, (Steffensen 1976b; Chock and Mathieson 1983) and 
p r e c i p i t a t i o n  (Thom 1980). has a high l i g h t  ea tu ra t  ion i n t e n s i t y  
(Lapointe and Tenore 1981) so t h a t  maximum growth does not occur unless  
l i g h t  l eve l s  a r e  high and suspended sediments low, condit ions found i n  
the es tuary  durlng the  calmer summer months. Lapointe and Tenore (1981) 
working with obtained t h e i r  maximum carbon f i x a t i o n  r a t e  
-2 (4.6g C m day-') a t  a dens i ty  of 0.8kg wet w t  m-2; s e l f  shading 
reduced t h i s  r a t e  a t  higher dens i t i e s .  Using t h e  wet weight:dry weight 
-2 
conversion of Figure 11-1 t h i s  represents  149.5 g dry w t  m . Only on 
one occasion, August 1984 i n  the  low i n t e r t i d a l ,  d id  t h e  observed 
biomass exceed t h i s  amount; the  growth r a t e  f o r  t h i s  month was lower 
than f o r  t h e  previous t h r e e  months and f o r  August 1983. Moreover August 
was t h e  only month when 1984 r a t e s  a r e  lower than 1983. This lends 
support t o  t h e i r  hypothesis t h a t  l i g h t  l eve l s  a r e  of  primary importance 
i n  con t ro l l ing  growth r a t e .  
Haximum growth r a t e s  occurred from March t o  August a t  t h e  mid 
i n t e r t i d a l  s i t e ,  and Hay t o  August a t  t h e  low i n t e r t i d a l .  A t  both sites 
the  growth r a t e  i n  September was much lower. Rosenburg and Rams (1981) 
found a s imi la r  p a t t e r n  of growth f o r  an Ulva populat ion i n  North 
Carolina. P r i ce  and Hylleberg (1982) found t h a t  production of Ulva i n  
False  Bay, Washington was g r e a t e s t  i n  June and July. 
A s  a r e s u l t  of the  high ne t  product iv i ty  and because t h e  major i ty  
of biomass is not s tored  a s  standing crop t h e r e  must be a high turnover 
of a l g a l  mater ia l .  The r a t i o  of production t o  t h e  average biomass can 
be used a s  a measure of t h e  turnover r a t e s  of populat ions,  and t o  make 
comparisons, not only between primary producers, but  between secondary 
and higher l eve l s  of production (Val ie la  1984). When combined with ne t  
product ion measurements , t h e  product ion : biomass (P/B) r a t i o  can g ive  an 
ind ica t ion  of the  amount of carbon t h a t  has t o  be used by the  p lant  f o r  
a c t i v i t i e s  o the r  than biomass addi t ion .  For example, the  P / B  r a t i o  f o r  
pacrocvs t i s  i s  estimated t o  be about 1.0, and the  average ne t  production 
-2 -1 t o  be 800 - lOOOg C m y (Mann 1982). Laminaria, on the  other  hand, 
-2 -1 has a ne t  production ranging from 1225g C m y (Bellamy e t  a l .  1968) 
-2 -1 t o  1750g C m y (Mann 1972b1, and a P/B r a t i o  i n  the  range of 2-7 
(Mann 1982). A low P/B r a t i o  such a s  t h a t  of Macrocystis indica tes  t h a t  
considerable energy is used i n  t h e  maintenance of plant  t i s s u e  (Mann 
1982). The P/B r a t i o  f o r  the  Ulva populat ion a t  F o s s i l  Point  was 4.4 i n  
1983 and 4.8 i n  1984. No measurements of maintenance cos t s  were made i n  
t h i s  s tudy but the  high P/B r a t i o  and high n e t  product iv i ty  of the  Ulva 
population r e f l e c t  a s i t u a t i o n  s imi la r  t o  t h a t  of Laminaria i n  t h a t  a 
la rge  turnover occurs annually and r e l a t i v e l y  l i t t l e  carbon i s  used f o r  
t h e  maintenance of biomass. P/B r a t i o s  have been determined f o r  only a 
few macroalgae. Short term s tud ies  i n  which production is  measured by 
incorporat ion of 14c o r  t h e  evolut ion  of oxygen do not  lend themselves 
t o  accura te  es t imat ion  of these  r a t i o s  unless  seasonal  v a r i a t i o n  i s  
represented by a number of measurements from d i f f e r e n t  times of the  
year. 
A considerable amount of a l g a l  ma te r i a l  i n  the  form of Ulva biomass 
is  t r ans fe r red  t o  e s tua r ine  waters during t h e  growing season. Few 
e s t u a r i e s  i n  t h e  north-east P a c i f i c  have large  a reas  where benthic a lgae  
can a t t a c h ,  but i n t e r t i d a l  ee lg rass  beds a r e  common, and the  majori ty of 
Ulva product ion occurs a t  these  lower i n t e r t i d a l  levels .  Benthic a lgae ,  
pr imar i ly  Ulva spp. comprised an average of 14% of the  t o t a l  standing 
stock of macrophytes in  an Alaskan e e l g r a s s  bed (M'RO~ 19701, and 
between 10-70% of the  macrophyte biomass during the  summer months of an 
ee lg rass  bed i n  Coos Bay (Gonor e t  a l .  1979). Thus production by Ulva 
can make an important cont r ibut ion  t o  e s tua r ine  product iv i ty  not only i n  
the  l a t e  summer when t h e  a lgae  i n  the  ee lg rass  beds a r e  removed by 
storms but a l s o  during t h e  spr ing  and summer growing season. I f  
predic t ions  of the  importance of macroalgae i n  e s tua r ine  food webs i n  
t h e  Hood Canal (Simenstad and Wissmar 1985) hold t r u e  f o r  a l l  
nor theas tern  P a c i f i c  e s t u a r i e s ,  Ulva has t h e  p o t e n t i a l  t o  be a  la rge  
cont r ibutor  of carbon t o  higher t roph ic  l eve l s .  
CHAPTER I11 
OUTPUTS OF ULVA PRODUCTION 
Introduc t ion 
Once carbon has been f ixed  by photosynthesis it is  t r ans fe r red  t o  
e s tua r ine  waters i n  a number of ways. These include d i r e c t  consumption 
by grazers ,  r e l e a s e  of reproductive products,  l o s s  of a l g a l  t i s s u e  from 
t h e  s u b s t r a t e  due t o  wave a c t i o n ,  and exudation of dissolved organic 
mater ia ls .  The major i ty  of e s t u a r i n e  macrophytes a r e  not  consumed a s  
l i v i n g  p lan t s  ( U n n  1 9 7 2 ~ ) ~  but  r a t h e r  e n t e r  a d e t r i t a l  cycle where they 
a r e  used by microorganisms t h a t  i n  t u r n  provide food f o r  d e t r i t  ivores 
and suspension feeders ,  u n t i l  f i n a l l y  t h e  p lant  ma te r i a l  i s  broken down 
i n t o  small molecules. However, e s t u a r i n e  a lgae ,  unl ike  seagrasses and 
s a l t  marsh p l a n t s ,  can be a t t r a c t i v e  t o  grazers  and the re fo re  a r e  
subjec t  t o  d i r e c t  consumption. This is  p a r t i c u l a r l y  t r u e  of t h e  green 
a lgae  (Montgomery and Gerking 1980). 
F ie ld  manipulations on rocky shores have shown t h a t  grazers  can 
c o n t r o l  t h e  development of a l g a l  populat ions (Cast enholz 1961 ; Paine and 
Vadas 1969; Lubchenco 1980). These experiments involve t h e  comparison 
of a r e a s  from which g raze r s  have been excluded with a r e a s  t h a t  a r e  
grazed na tu ra l ly .  Both inver t eb ra tes  and ve r t eb ra tes  a r e  known t o  e a t  
Ulva. The major ve r t eb ra te  grazers  of green a lgae  a r e  waterfowl, and in  
Coos Bay t h e  main species t h a t  e a t s  Ulva i s  the  Brant Goose, Branta 
bernic lg .  These b i rds  a r e  present  in  Coos Bay during March and Apr i l ,  
the  time of spr ing  a l g a l  growth. They e a t  both Zostera marina and Ulva. 
Because they have no ce l lu lose  d iges t ing  enzymes i n  t h e i r  d iges t ive  
t r a c t  (Mattocks 1971) the  geese have t o  r e l y  on mechanical means t o  
break open t h e  c e l l s  s o  they can d iges t  t h e  c e l l  contents .  They a r e  
thus r a t h e r  i n e f f i c i e n t  grazers  and must e a t  la rge  q u a n t i t i e s  of 
ma te r i a l  t o  s a t i s f y  t h e i r  n u t r i t i o n a l  requirements. Their e f f e c t  on t h e  
s i z e  and temporal development of the  Ulva populat ion was determined by 
using herbivore exclusion cages. 
Herbivorous f i s h  a r e  uncommon i n  temperate a reas  (Kikuchi 19801, 
both buffa lo  eculpins,  E n o ~ m  h i m  (Davis 1981) and top  smelt,  
A t h e r i n o ~ s  g f f i n i s  (Souea 1979) w i l l  a t  times e a t  Ulva. Data from 
se in ing s t u d i e s  conducted i n  a r e a s  adjacent  t o  t h e  study s i te  were used 
t o  ind ica te  t h e  seasonal  occurrence of these  two f i s h  species.  
Inver tebra tes  grazing d i r e c t l y  on l iv ing  a l g a l  t i ssue  include amphipod s , 
isopods, crabs and gastropods. Their impact was examined by determining 
t h e  numbers of the  most abundant grazers ,  amphipods and s n a i l s ,  present 
a t  t h e  study s i t e ,  and by using lab experiments t o  determine t h e  amounts 
of a lgae  consumed. 
Species of Ulva a r e  capable of frequent  reproduction s o  t h a t  t h e  
p o t e n t i a l  input of ma te r i a l  t o  the  e s tua r ine  p a r t i c l e  pool in  t h e  form 
of zoospores and gametes is large.  Ulva d i sp lays  t h e  c l a s s i c  
a l t e r n a t i o n  of isomorphic generat ions c h a r a c t e r i s t i c  of t h e  family 
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Ulvaceae. F ru i t ing  occurs a t  f o r t n i g h t l y  i n t e r v a l s  normally co r re la t ed  
with the  spring t i d e s  (Smith 1947; Thiadens and Zeuthen 1967; Chihara 
1968; Subbaramaiah 1970; Oza e t  a l .  19851, when both gametes and 
zoospores a r e  l ibe ra ted  a s  t h e  exposed p lan t s  a r e  covered by the  r i s i n g  
t i d e  (Subbaramaiah 1970). F ru i t ing  during neap t i d e s  has been reported 
(Sawada and Watanabe 1974; Okuda 1975) but appears t o  be l e s s  common. 
Asexual reproduct ion occurs i n  cu l tu re ,  with new Ulva fronds i n i t i a t e d  
from c e l l s  sloughed from t h e  plant  and from fragments of the  blade 
(Bonneau 1978). The quant i ty  of wospores and gametes r e l eases  by Ulva 
and contr ibuted t o  t h e  e s tua r ine  p a r t i c l e  pool was estimated during t h i s  
study. 
The amount of a lgae  to rn  from t h e  s u b s t r a t e  by wave a c t i o n  can be 
subs tan t i a l .  Monthly s t rand l i n e  co l l ec t ions  made j u s t  before t h e  
highest  monthly t i d e  were used by Josselyn (1978) t o  es t imate  t h e  
r e l a t i v e  amounts of p lant  ma te r i a l  t h a t  entered  t h e  p a r t i c l e  pool. 
I n i t i a l l y  I conducted surveys of the  s t rand l i n e s  a t  t h e  study s i t e  and 
adjacent  a r e a s  t o  see  i f  I could est imate t h e  amount of d r i f t  Ulva being 
deposited on t h e  shore. This method was found t o  be unsa t i s fac to ry  
because input of ma te r i a l  i n t o  the  strand l i n e  was temporally very 
patchy, both on a d a i l y  bas i s  and with each t i d a l  cycle.  Large amounts 
of a lgae  deposited in  the  s t rand l i n e  a t  F o s s i l  Point  on one t i d e  cycle 
were o f t e n  gone t h e  next day, o r  on o ther  occasions were p a r t i a l l y  
buried i n  t h e  sediments. Changes i n  t i d a l  l e v e l s ,  t h e  passage of 
storms, and periods of calm can have pronounced e f f e c t s  on d r i f t  
deposi t  ion (Perkins 1974). I n  Coos Bay summer winds blow r e l a t i v e l y  
constant ly  from t h e  northwest,  whereas winter winds blow from the  south. 
This no doubt a f f e c t s  where d r i f t i n g  mater ia l  i s  c a s t  up on t h e  shore. 
A s  an a l t e r n a t i v e  I estimated the  amount of ma te r i a l  d r i f t i n g  away from 
the  study s i t e  on an outgoing t i d e  and compared t h i s  amount with a 
q u a l i t a t i v e  assessment of t h e  amount of ma te r i a l  washed up in  the  d r i f t  
l i n e  by wind ac t ion .  Josse lyn 's  1978 method was a l s o  not  su i t ab le  
because Ulva c a s t  up on t h e  shore quickly l o s t  i t s  green color  and began 
t o  break up i n t o  small  pieces.  This was p a r t i c u l a r l y  t r u e  when t h e  sun 
dr ied  t h e  d r i f t  algae.  To determine how quickly t h e  Ulva broke down 
i n t o  small  p a r t i c l e s  once it was pa r t  of t h e  wrack l i n e  I measured t h e  
r a t e  of loss  of Ulva from d r i f t  bags t e the red  i n  t h e  wrack l i n e .  
Release of d issolved organic carbon (DOC) by aquat ic  macrophyt es  
r ep resen t s  a proport ion of t h e i r  t o t a l  primary product iv i ty  (Fankbonner 
and de Burgh 1977; Brylinsky 1977; Pregnal l  1983a). Estimates of DOC'S 
importance vary, but t h e  la rge  amounts suggested by e a r l y  work ( ~ h a i l o v  
and Burlakova 1969; Siebur th  1969; Gallagher e t  a l .  1975) may be 
a t t r i b u t e d  t o  s t r e s s e s  such as des icca t ion  (Moebus e t  a l .  1974) o r  
damage t o  t h e  p l a n t s  p r i o r  t o  t h e  experiment (~ankboner  and de Burgh 
1977). The most common technique f o r  es t imat ing  DOC re l ease  from 
aqua t i c  p l a n t s  involves t h e  use  of carbon 14 t r a c e r s  which approximate 
t h e  flow of carbon 12. I n  t h i s  s tudy I used 14c labe l l ed  sodium 
bicarbonate t o  es t imate  t h e  amount of DOC re leased by Ulva spp. during 
photosynthesis.  
I n  conjunction with t h e  DOC r e l e a s e  experiment I a l s o  measured t h e  
uptake of 14c during p h o t o s y n t h e s i ~ .  Many inves t iga to r s  (e.g L i t t l e r  
and Murray 1974; L i t t l e r  and Arnold 1982; Beine 1983) est imate a l g a l  
production by measuring carbon f i x a t i o n  over a shor t  period of time, 
usual ly  only a few hours. The l i m i t a t i o n s  of t h i s  method, e spec ia l ly  a s  
a way of est imating annual product iv i ty ,  have a l ready been pointed out  
(Chapter 111, but f o r  comparative purposes I have included t h e  r e s u l t s  
of t h i s  shor t  term experiment. 
Methods and Mater ia la  
Vertebrate Grazing 
Consumption of by geese a t  F o s s i l  Point was estimated by 
caging an area  of the  i n t e r t i d a l  i n  such a way a s  t o  exclude waterfowl. 
2 Angle i ron  cages, l m  with legs  15  cm long, were wired t o  pos t s  dr iven 
in to  t h e  rock subs t ra t e .  Both t h e  t o p  and t h e  s i d e s  of t h e  cage were 
open. Six cages were used i n  1983 and e igh t  i n  1984. Two cages were 
placed i n  the  i n t e r t i d a l  below t h e  Oregon I n s t i t u t e  of Marine Biology's 
(OIMB) boat house i n  1983, an a r e a  where geese have not  been observed t o  
graze, t o  a c t  a s  con t ro l s  f o r  any caging e f f e c t s .  
The cages were placed a t  t h e  mid i n t e r t i d a l  s i t e  i n  February before 
the  Brant a r r i v e d ,  and removed once t h e  Brant l e f t  a t  t h e  end of Apr i l .  
Monthly biomass samples of Ulva were co l l ec ted  from ins ide  t h e  cage 
during the  period the  Brant were present  and u n t i l  t h e  co l l ec ted  biomass 
was not  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  ou t s ide  t h e  cage. Biomass 
samples were t r e a t e d  i n  t h e  same way a s  previously noted (Chapter 11). 
The quant i ty  of ea ten  by t h e  Brant was determined a s  follows: 
the  r a t e  of increase  i n  t h e  a lgae  within the  a reas  protected from 
grazing by geese was ca lcula ted  a s :  
a = In B t  - l o  Bo 
t 
where : 
a = r a t e  of increase  
Bo = i n i t i a l  biomass 
B t  = biomass a t  time t 
Using t h i s  r a t e  t h e  amount of Ulva t h a t  would be expected t o  be present  
i n  grazed a reas ,  i f  no goose grazing had occurred, can be estimated by 
adding t h e  production, ca lcula ted  a s  follows t o  t h e  biomass present  a t  
the  beginning of t h e  month t o  g ive  a predicted biomass. 
production = Bo x (eat - 11 x 
k 
where : 
k = JOE B ~ / B Q  
t 
t = time (days) 
The d i f fe rence  between t h e  biomass measured i n  t h e  f i e l d  in areas  not  
protected from goose grazing and t h e  predicted biomass g ives  an es t imate  
of t h e  amount of Ulva l o s t  a s  a r e s u l t  of grazing by Brant Geese. 
The numbers of Brant Geese i n  t h e  study a r e a  were counted during 
mid t o  low t i d e  periods,  when t h e  Ulva were access ib le  t o  grazing,  on 22 
occasions between March 3 and Apr i l  29 1982. During t h i s  period in  1983 
and 1984 t h e  number of Brant i n  the  study a rea  was noted on a l l  v i s i t s .  
The consumption of Ulva by f i s h  was not  measured d i r e c t l y ,  but r e s u l t s  
from se in ing s t u d i e s  conducted by s tudents  in  t h e  1983 Estuarine Biology 
and Vertebrate Ecology c l a s s e s  taught by Dan Varoujean a t  OIMB were used 
t o  g ive  an  indica t ion  of whether top  smelt o r  buffa lo  sculpins ,  both of 
which a r e  known-to e a t  Ulva (Sousa 1979; Davis 19811, were present i n  
the  v i c i n i t y  of the  study s i t e .  The mean number of these f i s h  from 
repeated, dup l i ca te  hauls  of a beach se ine  a t  Point Adams and the  Empire 
boat landing (Figure 1-11 was determined. The n e t  was 40m long by 2m 
high with a l.5cm mesh. 
Inver t eb ra te  Grazing 
A s  noted i n  Chapter I1 t h e  grazing r a t e s  of amphipods and s n a i l s  
were determined by conducting laboratory experiments. The seasonal  
v a r i a t i o n  i n  small  g raze r s ,  t h e  herbivorous s n a i l s  and herbivorous 
amphipods, found a t tached t o  the  Ulva co l l ec ted  each month f o r  biomass 
e s t  imat ions were counted. 
Reproduct ion 
2 Four 0.125~1 p l o t s  randomly se lec ted  wi th in  t h e  mid i n t e r t i d a l  
study s i t e  were c leared  of Ulva bimonthly from Apr i l  1983 t o  February 
1984. The c o l l e c t i o n s  were sor ted  i n  t h e  laboratory i n t o  non-reproducing 
and reproducing p lan t s .  F e r t i l e  por t  ions of t h e  blade change from 
br igh t  green t o  yellow/green o r  brown/green during t h e  format ion  of 
gametes o r  zoospores and thus a r e  r e l a t i v e l y  easy t o  d i s t i n g u i s h  
(Chihara 1968; Okuda 19751, although f e r t i l e  gametophytes cannot be 
d is t inguished from f e r t i l e  sporophytes (Okuda 1984). The f e r t i l e  p l a n t s  
were photocopied and the  a rea  of t h e  reproductive por t ion  ca lcu la ted .  On 
severa l  occasions some p l a n t s  had a l ready discharged t h e i r  swarmers by 
the  time I surveyed t h e  site and only t h e  empty t h a l l u s  c e l l s  were l e f t  
on the  p lant .  In these  cases the  p lan t s  were a l s o  col lec ted  and 
photocopied t o  determine the  proportion of t h e  p lant  t h a t  had 
reproduced. The par t  of the  plant  t h a t  remains a s  empty t h a l l u s  c e l l s  
w i l l  eventual ly detach from the  growing plant  and become d r i f t  mater ia l .  
To determine t h e  percentage of the  reproductive pa r t  of t h e  plant  t h e  
empty t h a l l u s  c e l l s  represent  the  area:dry weight r a t i o  of t h e  
photosynthesizing par t  of t h e  plant  was compared with the  area:dry 
weight r a t i o  of the  empty t h a l l u s  c e l l s .  Occasionally t h e  population 
was checked during neap t i d e s  t o  determine i f  any f r u i t i n g  was occurring 
(Sawada and Watanabe 1974; Okuda 1975) ; none was observed. 
The quant i ty  of macrophytes d r i f t i n g  f r e e  i n  t h e  water column was 
sampled monthly from November 1983 t o  October 1984 using a d u p l i c a t e  n e t  
system towed j u s t  below t h e  surface ,  from t h e  s i d e  of a  17f t  boat ,  on a 
t r ansec t  l i n e  across  t h e  bay from point  A t o  point  B (Figure 1-11. The 
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entrance t o  each ne t  was 0.25 m and t h e  flow of water through one of 
the  n e t s  was measured with a flow meter. Sampling began one hour before 
the  high t i d e  and cont inued through t h e  descending t i d e  cycle t o  one 
half-hour a f t e r  the  low t i d e .  I n  t h i s  way any mate r i a l  leaving t h e  
es tuary  from the  study s i t e  and t h e  mud f l a t s  upstream fom t h e  s i t e  on 
the  outgoing t i d e  was sampled. The samples co l l ec ted  by both n e t s  were 
sor ted ,  dr ied  and weighed. The amount of water leaving the  es tuary  
between high and low t i d e  depends on t h e  d i f fe rence  between t h e  t i d a l  
levels .  Tidal  prism i s  a  measure of t h i s  d i f f e rence  mul t ip l ied  by t h e  
a rea  of the  es tuary ,  and it provides a way t o  compare the  volume of 
water leaving the  es tuary  on d i f f e r e n t  sampling days. The r a t e  of flow 
can be ca lcula ted  by d iv id ing t h i s  volume by t h e  period of time between 
the  high and t h e  low t i d e .  This assumes t h e  r a t e  of flow i s  constant 
over t h e  t i d a l  cycle. The t i d a l  prism and t h e  r a t e  of flow f o r  each 
da te  a r e  shown i n  Table 111-1. The amount of a lgae  d r i f t i n g  away from 
the  study s i t e  c lose  t o  the  bottom during an ebbing t i d e  was measured 
monthly from November 1983 t o  October 1984, with the  exception of 
January, by placing a s e r i e s  of n e t s  on the  bottom j u s t  outs ide  and 
downstream of t h e  bed. The n e t s  were held open by a t r i angu la r  frame 82 
cm on a s ide.  Three n e t s  were placed on t h e  bottom hal f  an hour a f t e r  
t h e  high t i d e  and l e f t  f o r  4.5 - 5 hours, a f t e r  which they were pulled 
t o  the  su r face  and the  co l l ec ted  a lgae  were so r t ed ,  d r i ed  and weighed. 
The flow of water through one of t h e  n e t s  was measured with a flow 
meter. 
To determine how quickly the  Ulva i n  t h e  wrack l i n e  broke down i n t o  
small p a r t i c l e s ,  mesh bags, 30cm x 40cm with a mesh diameter of 5 mm, 
containing f r e s h  d r i f t  a lgae  were t i e d  t o  s t a k e s  pushed in to  the  
sediment a t  F o s s i l  Point  a t  t h e  l e v e l  of t h e  wrack l ine .  D r i f t  Ulva was 
co l l ec ted ,  b l o t t e d  dry,  weighed and placed i n  t h e  bag. The bags were 
l e f t  f o r  5 days, the  a lgae  removed, b l o t t e d  and reweighed, and returned 
t o  t h e  i n t e r t i d a l  f o r  a  f u r t h e r  4 days when t h e  a lgae  were reweighed. A 
t o t a l  of twelve bags were placed i n  t h e  i n t e r t i d a l  over a  period of 3 
months . 
Table 111-1. T i d a l  pr ism and f low r a t e s  from Coos Bay on t h e  days 
t h a t  s u r f a c e  d r i f t  was sampled. 
Date T i d a l  Prism Flow r a t e  
1984 m3 x 107 m3hr-I x 107 
Jan 28 9.372 1.7323 
Feb 12 8.712 
Mar 28 7.260 
Apr 13 
Hay 12  
Jun 7 






Dissplved Organic Carbon and Photosynthetic Bates 
Ulva was gathered from the  study s i t e ,  r insed  f r e e  of sediment and 
inver tebra tes ,  b lo t t ed  dry ,  weighed and placed i n  3001111 BOD b o t t l e s  with 
synthet ic  seawater (Ri la  Sea S a l t  6).  The dissolved carbon dioxide, 
bicarbonate, and carbonate concentrat ion of t h e  seawater was determined 
p r io r  t o  t h e  experiment using the  methods of St r icklands  and Parsons 
(1972). 5,4.Ci N ~ H ~ ~ C O  was added t o  each of s ir  b o t t l e s  which were 
incubated a t  lftOc, an average summer water temperature a t  the  study 
s i t e ,  ou t s ide  on a sunny day f o r  two hours from between 11.00 and 13.00 
h r s  i n  a shaking water bath. A stream of running water was maintained 
through the  water ba th  t o  keep the  b o t t l e s  cool .  Three dark con t ro l s  
were placed i n  black b o t t  l ee  which were wrapped i n  aluminum f o i l .  I 
took 3 m l  samples of t h e  water from t h e  b o t t l e s  jus t  a f t e r  t h e  
in t roduct ion  of  t h e  l a b e l  t o  e s t a b l i s h  i n i t i a l  background a c t i v i t i e s  and 
a t  15  minute i n t e r v a l s  throughout t h e  experiment. Af ter  taking t h e  
sample each b o t t l e  was shaken t o  d i s r u p t  metabol ica l ly  induced d i f fus ion  
gradients .  The samples w e r e  a c i d i f i e d  t o  pH 2 with hydrochloric ac id .  
Carbon dioxide f r e e  a i r  was bubbled through them f o r  10 minutes t o  d r ive  
o f f  t h e  label led  inorganic carbon; samples were prepared f o r  l iqu id  
s c i n t i l l a t i o n  by adding 12 m l  of s c i n t i l l a t i o n  cock ta i l .  Counts were 
recorded on a Beckman LS 150 Liquid S c i n t i l l a t i o n  Counter and were 
correc ted  f o r  quench using the  appropr ia te  curves. The r e s u l t i n g  counts 
provided a measure of t h e  dissolved organic carbon re leased during t h e  
two hours of photosynthesis . 
A t  the  end of the  incubation I r insed t h e  a lgae  with hydrochloric 
acid  t o  remove any adhering inorganic carbon, and then with d i s t i l l e d  
water t o  remove the  ac id ,  and placed them i n  2 h l  of dimethyl sulphoxide 
(DMSO) i n  a  6 0 ' ~  oven f o r  e ight  hours t o  e x t r a c t  the  photosynthetic 
pigments. DHSO has been shown t o  be a s  e f f i c e n t  a s  t h e  more commonly 
used acetone f o r  ex t rac t ing  chlorophyll  and super ior  i n  terms of 
chlorophyll  s t a b i l i t y  (Hiscox and Is rae ls tam,  1979; F i l b i n  and Bough, 
1984). The e x t r a c t  was then counted with l iqu id  s c i n t i l l a t i o n  t o  
determine carbon f i x a t i o n  during photosynthesis.  
Resul ts  
Vertebrate Grazing 
The p r i n c i p a l  waterfowl grazers ,  Brant Geese a r e  present  i n  Coos 
Bay during the  migrat ion from t h e i r  wintering a r e a s  i n  Mexico t o  t h e  
breeding grounds of t h e  Arc t i c  tundra. They a r r i v e  i n  Coos Bay a t  t h e  
beginning of Harch and most a r e  gone by e a r l y  Hay. A few individuals  
a r e  present  during June and occasionally non-breeding geese a r e  seen 
during t h e  summer months but  these  few animals have l i t t l e  impact on t h e  
a l g a l  populat ions.  During Harch 1982 an average of 2972 177 (SD) Black 
Brant fed  i n  the  study a r e a  during low t i d e  periods (n=13), and i n  Apr i l  
1982, 1912108 geese were s ighted  ( n = l l ) .  Fewer geese were seen in  1983 
although fewer v i s i t s  were made t o  t h e  study a r e a  than i n  1982. I n  
Harch 1983 an average of 120 + 78 b i r d s  fed during low t i d e s  (n=6) and i n  
Apr i l  1983 5 1 2 3 2  geese were observed (n=4). In  1983 almost a l l  t h e  
Brant had l e f t  Coos Bay by Apr i l  29, considerably e a r l i e r  than i n  1982 
o r  in  1984. The average number of geese feeding i n  t h e  study a r e a  i n  
1984 appeared t e  be g rea te r  than i n  1983, a l though fewer observations 
were made than i n  the  previous two years.  I n  March 496 t 240 b i rds  fed 
during low t i d e  periods (n=3), and i n  A p r i l  255 145 geese were recorded 
(n=3 1. 
The amount of Ulva ea ten  and t h e  percentage of t h e  biomass it  
represents  were g rea te r  i n  Hsrch of both yea rs  than i n  Apri l  (Table 
111-2). More Ulva was ava i l ab le  i n  1984 than  i n  1983 and a higher 
percentage of the  biomass was ea ten  i n  1984. I n  1983 t h e  geese a t e  
approximately one-quarter of t h e  March biomass , but t h e  quant it y 
ava i l ab le  was not large.  I n  Apr i l  1983 fewer b i r d s  were present  and 
grazing pressure was l i g h t e r  with only 0.4g of Ulva m-2 (dry weight) 
being consumed. I n  1984 goose grazing had a much more s i g n i f i c a n t  
impact. During March 25.2g Ulva m-2 was e a t e n  represent ing 71% of t h e  
biomass produced i n  t h a t  month; grazing p ressure  i n  Apr i l  was not so  
high a s  fewer b i rds  were present .  I n  both  yea rs  t h i s  may be an 
underestimation of the  amount of biomass e a t e n  a s  Brant were a l s o  
observed ea t ing  Ulva from t h e  d r i f t  l i n e .  
The di f ference  i n  amounts of Ulva a v a i l a b l e  between t h e  years is  
shown graphical ly  i n  Figure 111-1. I n  a r e a s  p ro tec ted  from goose 
grazing i n  1984 the  biomass of Viva i s  cons ide rab ly  higher than i n  the  
grazed areas .  This i s  not only t r u e  f o r  t h e  per iod during which the  
Brant a r e  present ,  but continues t o  be t h e  c a s e  u n t i l  July when there  is  
no s ign i f i can t  d i f ference  i n  the  biomass between t h e  grazed and ungrazed 
areas.  There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  growth r a t e s  of 
&g ins ide  o r  outs ide  t h e  cages. The presence  of t h e  cages alone was 
FIGURE 111-1. A comparison of the biomass of u v a  inside and outside 
geese exclusion cages in the mid intertidal a t  Fossil  
Point. 

not  r e s p o n s i b l e - f o r  t h e  change i n  biomass. The s tanding s tocks  i n s i d e  
and o u t s i d e  t h e  cages a t  t h e  c o n t r o l  s i t e ,  t h e  OIMB boathouse, were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  (t10.97, d.f.=5, p>0.1). 
Table 111-2. The impact of graz ing  on Ulvg by Brant Geese a t  F o s s i l  
P o i n t ,  Oregon. Biomass f i g u r e s  a r e  means wi th  s tandard  
e r r o r s  of  t h e  means i n  bracke ts .  N = 16. 
Date I n i t  i a  1 Inc rease  F i n a l  Biomass Grazing Xbiomass 
b iomas s r a t e  Predic ted  Actua l  by geese grazed 
g d ry  wt. g d r  w t  3 g d r  wt m-2 m- m- S 
March 3.4 0.015 5.0 
(0.51) 
A p r i l  3.8 0.029 8.7 
(0.21) 
March 12.5 0.067 35.6 
(1.76) 
A p r i l  10.4 0.026 19.7 
(0.92) 
Grazing by f i s h  was probably not  important.  No b u f f a l o  s c u l p i n s  
were se ined  from e i t h e r  of  t h e  two a r e a s  sampled and t h e  number of t o p  
smelt  was low (Table 111-3). 
Table 111-3. Mean number of top  smelt taken i n  two beach se ines  a t  
Point Adams and Empire boat launch, Coos Bay, 1983. 
Month Po in  t Adams Emp i r e  
Apr i 1 1 8 
June 6 1 
Ju ly  0 0 
Inver t eb ra te  Grazing 
The number of inve r t eb ra tes  per  gram of Ulva was much higher i n  t h e  
mid i n t e r t i d a l  than i n  t h e  low ( ~ i g u r e  111-2). The physical  
c h a r a c t e r i s t i c s  of  each s i te  might account f o r  t h i s  d i f ference .  The mid 
i n t e r t i d a l  is a rock s u b s t r a t e  and is more f requent ly  exposed t o  t h e  
a i r ,  whereas t h e  low i n t e r t i d a l  s i t e  is  an ee lg rass  bed with i ts  
associa ted  sediment ing nature .  Inver tebra tes  a t  t h e  mid i n t e r t i d a l  s i t e  
might c l u s t e r  on t h e  a lgae  f o r  s h e l t e r  and t o  prevent des iccat ion  during 
low t i d e  periods,  t h e  time a t  which t h e  samples were taken. A t  t he  low 
s i t e  the re  is  almost always a small  amount of water on the  mudf l a t  
sur face  and inver tebra tes  might not  need t o  c l u s t e r  on t h e  a lgae  t o  
prevent des icca t ion .  The Zostera p l a n t s  and t h e i r  epiphytes may a l s o  
provide a l t e r n a t i v e  s h e l t e r  f o r  inver tebra tes .  Far fewer inver tebra tes  
were found a t  t h i s  s i t e  probably because of t h e  absence of a rock 
Figure 111-2. Monthly mean number of snails and amphipods per gram of 
Ulva from the mid and low intertidal a t  Fossil  Point. 
Vertical l ines are standard error of the mean. 
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subs t ra t e ,  and perhaps because predation pressure can be more in tense  in 
the  lower i n t e r t i d a l  a s  i t  i s  covered with water f o r  a much longer 
period (Race 1982). A l l  herbivorous s n a i l s  were Lacuna spp., 
p r inc ipa l ly  L. p a r m r a t a .  Amphipods were much more varied and were not  
iden t i f i ed  from every sample. Several  samples were examined and t h e  
p r inc ipa l  species were gaomrerids such a s  eplpithoe -, A. U, 
&ggparus ~ p p f e r v i c o l u s ,  w s t a ,  MicroGssa w, and 
Ischvrocerus sp. 
A t  t h e  mid i n t e r t i d a l  s i t e  t h e  h ighes t  number of inver tebra tes  were 
found on t h e  Ulva from August t o  December ( ~ i g u r e  111-2) when a l g a l  
biomass is e i t h e r  constant  o r  decl in ing.  Lowest numbers of 
inver tebra tes  occurred from February t o  Hay, t h e  period of spr ing  growth 
of Ulva. Mean numbers of inve r t eb ra tes  from a l g a e  growing i n  cages 
protected from goose grazing were no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  
mean numbers in a reas  grazed by geese (ANOVA p>0 .05) .  A t  t h e  low 
i n t e r t i d a l  s i t e  t h e  number of inve r t eb ra tes  per  gram of Ulva was 
r e l a t i v e l y  constant throughout t h e  season (Figure 111-2). 
Grazing r a t e s  of amphipods and s n a i l s  vary depending on t h e  time of 
year (Table 111-4). I n  Hay amphipods have a much lower grazing r a t e  
than they have in August, whereas t h e  reverse  was t r u e  f o r  s n a i l s .  The 
grazing r a t e  of s n a i l s  i n  Hay was very va r i ab le ,  perhaps because some 
s n a i l s  layed eggs during t h i s  experiment. 
Table 111-4. Grazing r a t e s  of amphipods and s n a i l s  on Ulva i n  t h e  
laboratory during May and August. (Values a r e  means w i t h  
standard devia t ions  in  bracket s )  . 
May Augus t 
Cont ro  1 Amph ipod Snai 1 Cont ro  1 Amphipod Snai 1 
I n i t i a l  weight 1.01 0.80 0.90 
Ulva (g wet wt) (0.49) (0.12) (0.30) 
Final  weight '1.37 0.89 0.92 
Ulva (g wet wt) (0.48) (0.18) (0.29) 
% change 36% 11% 2% 
Grazing Rate: 
g Ulva (g grazer)'1 0.57 3.05 
we= (0.55) (2.97) 
g 9 grazer-1 0.024 0.038 
week' (0.016) (0.032) 
Reproduc t ion 
Reproductive products were released by Ulva throughout t h e  year,  
although t h e  percentage of reproductive p l a n t s  during t h e  winter months 
was much lower than i n  the  spring o r  the  summer (Table 111-5). The 
percentage of an individual  plant  t h a t  re leased i t s  c e l l  contents  a s  
gametes o r  zoospores i s  r e l a t i v e l y  constant  f o r  each month sampled, 
being on average about 50%. The empty t h a l l u s  c e l l s  l e f t  at tached t o  
the  plant  a f t e r  the  r e l e a s e  of gametes o r  spores weighed 67.4211.22 of 
t h e  photosynthesizing p l a n t ' s  weight. This ind ica tes  t h a t  on average 
32.6% of t h e  reproductive por t ion  of the  p lan t  i s  released a s  spores o r  
gametes. The remaining empty t h a l l u s  c e l l s  detach from the  green 
port ion of the  p lant  and become d r i f t  ma te r i a l .  
Table 111-5. The percent  of reproductive Ulva p l a n t s  from the  mid 
i n t e r t i d a l  a t  F o s s i l  Point and t h e  percentage of the  p lant  
t h a t  had reproduced, measured on a bimonthly bas i s  from 
February - December 1984. Samples a r e  from 0.125 
nT2cpadrat, N-4. Values a r e  means standard devia t ions .  
Uont h % of p lan t s  which X of an individua 1 
were i n  reproductive p lant  t h a t  had 
condit  ion reproduced 
February 49.42 9.8 
Apr i 1 92.1 5 5.3 
June 93.02 4.7 
Augu s t 89.62 9.1 
October 71.2 2 11.5 
December 47.2 2 11.4 
D r i f t  
Only small  amounts of Ulva were found i n  d r i f t  samples taken during 
the  f looding t i d e .  By f a r  t h e  l a r g e s t  amount of macrophyte ma te r i a l  
that d r i f t s  out  of  Coos Bay is p a r i n a  (Figure 111-3). Larger 
amounts of Ulva were found i n  t h e  d r i f t  between June and August; 
FIGURE 111-3. The amount of JJlva and Dstera  per m3 of water 
f i l tered collected drifting a t  the surface downstream from 
the study e i t e .  Points are mans and the vertical bars 
standard error of the means. 
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corresponding t o  the  period of maximm biomass accumulation. Very 
l i t t l e  d r i f t  ma te r i a l  was seen i n  Apr i l  o r  May, a time of rapid growth 
of the  population, a s  well  a s  i n  September, t h e  f a l l  decl ine.  The 
amount of a lgae  trapped i n  t h e  n e t s  on the  bottom of t h e  bay was 
r e l a t i v e l y  small ( ~ i g u r e  111-4). Qua l i t a t ive  est imates made by v i s u a l  
surveys showed t h a t  during t h e  l a t e  summer large  quan t i t i e s  of Ulva a r e  
cas t  up i n  t h e  wrack l i n e ,  p a r t i c u l a r l y  a f t e r  a s t rong north-west wind 
which dislodges much of t h e  loosely a t tached o r  unattached mater ia l  i n  
the  ee lg rass  beds. Attempts t o  measure t h i s  input were not successful  
"? 
as  the  amounts a r e  extremely va r i ab le  on a t i d a l  and d a i l y  bas i s ,  but it 
seems l i k e l y  t h a t  much of t h e  ma te r i a l  t h a t  i s  t o r n  from the  s u b s t r a t e  
o r  washed out  of t h e  Zostera beds is c a s t  up on t h e  shore and 
incorporated i n t o  t h e  beach sediments. This i s  a l s o  suggested by t h e  
small q u a n t i t i e s  of Ulva trapped i n  t h e  d r i f t  n e t s  placed on t h e  bottom 
(Figure 111-4). 
Once c a s t  up breakdown of Ulva was rapid .  D r i f t  a lgae  placed i n  
bags i n  t h e  wrack l i n e  were r ap id ly  broken down i n t o  p a r t i c l e s  smaller  
than 5 mm i n  diameter ( ~ i g u r e  111-5). Ulvewas l o s t  a t  a r a t e  of 10.55% 
-1 day , nine  days a f t e r  the  i n i t i a l  placement, almost a l l  of t h e  a lgae  
had disappeared from t h e  bag. Six of t h e  1 2  bags were p a r t i a l l y  buried 
i n  t h e  sediment when r e t r i e v e d  on day 5 ind ica t ing  t h a t  rmch of t h e  
a lgae  t h a t  a r e  c a s t  up i n  t h e  wrack l i n e  becomes buried.  In  t h e  low 
i n t e r t i d a l  zone, below Cal l i snaskg sp. beds, b u r i a l  of Ulva in  s i t u  
occurs during t h e  growing season and during t h e  f a l l  dec l ine .  I n  August 
1984 8.02 11.5% of the  JJlva I co l l ec ted  from t h e  low i n t e r t i d a l  s i t e  was 
FIGURE 111-4. The average amount of Ulva per m3 water f i l tered 
drifting on the bottom during an ebbing t ide downstream 
from the study s i t e  a t  Fossil  Point. Points are means and 
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FIGURE 111-5. The rate of breakdown of in mesh bags staked in the 
intertidal dr i f t  l ine a t  Fossil Pont. Values are means 
and the vertical bars are standard deviations. 

p a r t i a l l y  buried i n  the  sediment, and i n  October 1984 21.8 23.7% was 
buried . 
Dissolved Organic Carbon and Photosynthetic Rates. 
In seven 2 hour incubations of i n  30°/oo seawater,  t h e  carbon 
f i x a t i o n  r a t e  averaged 1.01' 0.63 mg C (g dry  w t  a lgae )  -1 hr-l , and t h e  
amount of carbon re leased by the  photosynthesizing p lan t  averaged 0.090' 
0.074 ig C (g dry  wt algae)-' hr-l .  This r ep resen t s  an average of 7.8% 
of t h e  r ecen t ly  f ixed carbon (Table 111-6). Some carbon was f ixed by 
a lgae  incubated i n  t h e  dark b o t t l e s  and on average 18.5% of t h i s  was 
released a s  organic carbon, although t h i s  quan t i ty  r ep resen t s  only 2.2% 
of t h e  amount re leased during photosynthesis.  A comparison of t h e  r a t e  
of carbon incorporat ion during photosynthesis was made with values from 
t h e  l i t e r a t u r e  (Table 111-7). The value f o r  g C d2 day-' from t h i s  
study was determined by taking the  biomass from t h e  low i n t e r t i d a l  s i t e  
i n  August 1984 (195.2g) and assuming t h a t  day length during t h i s  period 
was 12 hours. 
Brant Geese a r e  present  a t  a time t h a t  corresponds t o  t h e  begining 
of t h e  spr ing  growth period of Ulva, and t h e  geese a r e  then t h e  
p r inc ipa l  consumers of a l g a l  mater ia l .  Grazing r a t e s  w i l l  be influenced 
by t h e  s i z e  of  a g raze r ' s  population, t h e  migratory movements of animals 
and the  a v a i l a b i l i t y  of p lants .  In  some years  t h e  grazing a c t i v i t i e s  of 
Tab l e  111-6. Photosynthe t ic  r a t e s  and r e l e a s e  of d i sso lved  organic  
carbdn (DOC) from Ulva measured us ing  14c l abe l l ed  
sodium bicarbonate .  (SD = s tandard  dev ia t ion )  
Carbon F ixa t  ion  Dissolved Organic X 
Rate Carbon DOC 
mgC (g d r y  weight ~ l v a - l )  hr-I 








mean 1SD 1.01 1 0.63 
Dark Incuba t ion  
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Table 111-7. Daily Production f igures f o r  Ulva sp. 
Species Product ion Reference 
g C m-2 day'l mgC (g dry  ~ t ' l )  hr'l 
Ulva sp. 2.4 1.01 2 0.63 t h i s  study 
Ulva ca l i fo rn ica  3.1 3.3 L i t t l e r  & Murray 1974 
Ulva s x ~ a n s a  10.3 + 0.4 Davis 1981 
UXL dasc ia ta  4.6 Lapointe & Tenore 1981 
Ulva faenia ta  3 - 11 L i t t l e r  & Arnold 1982 
aDLlobete 9.5 L i t t l e r  & Arnold 1982 
Ulva i ~ i d a  5.5 L i t t l e r  & Arnold 1982 
UNL ~81ifQ.ZJl.h 2.5 L i t t l e r  & Arnold 1982 
mi!& SP* 3 . 5 L i t t l e r  & Arnold 1982 
Ulva sp. 2.2 Pr ice  & Hylleberg 1982 
Ulva sp. 1.04 2.50 Blinks 1955 
f igures  a r e  means ( +standard deviat ions) 
t he  geese can severe ly  depress t h e  population of a lgae ,  thus r e s t r i c t i n g  
i ts p o t e n t i a l  f o r  growth and reproduct ion,  and coloniza t ion  of new 
s i t e s .  The e f f e c t  t h e  geese have on t h e  suppression of biomass i s  
evident f o r  approximately two months a f t e r  they have l e f t  t h e  area .  
After  t h i s  time no d i f fe rences  i n  t h e  biomass is evident  suggesting t h a t  
other  f a c t o r s  then become more important i n  con t ro l l ing  t h e  Ulva 
populat ions. 
Aside from t h e  removal of a l g a l  ma te r i a l  by d i r e c t  consumption 
Brant a l s o  a c t  a s  a l g a l  shredders. Much of t h e i r  f e c a l  ma te r i a l  i s  made 
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up of small p ieces  of undigested algae.  By t h e i r  grazing a c t i v i t i e s  
Brant Geese increase  t h e  r a t e  of passage of t o  t h e  d e t r i t a l  cycle. 
A similar e i t u a t  ion has been described f o r  green t u r t l e s  (Chelonia 
p ~ d a s )  feeding on Thalsss ia  (Thayer e t  a l .  19821, although i n  t h i s  case  
c e l l u l a s e s  a r e  present  i n  t h e  t u r t l e ' s  d iges t ive  t r a c t ,  s o  t h a t  food is  
more thoroughly processed. 
Measuring inver t eb ra te  grazing by t h e  number of s n a i l s  and 
amphipods found on t h e  Ulva p l a n t s  a t  low t i d e  ind ica tes  t h a t  i n  t h e  mid 
i n t e r t i d a l  t h e  g r e a t e s t  amount of grazing occurs during t h e  l a t e  summer 
and f a l l  m n t h s .  Peak numbers of amphipods were a l s o  found then by 
Pr ice  and Hylleberg (1982) on a lgae  i n  Fa l se  Bay, Washington. I n  t h e  
low i n t e r t i d a l  t h e  number of grazers  i s  lower and t h e r e  was very l i t t l e  
v a r i a t i o n  throughout t h e  growing season. This may be re l a t ed  t o  
zonation p a t t e r n s  of inve r t eb ra tes  t h a t  a r e  t h e  r e s u l t  of predation 
(Lubchenco and Menge 1978; Dayton 1984). Grazing r a t e s  from t h i s  s tudy 
a r e  comparable t o  those  obtained f o r  amphipods feeding on Ulva by Pr ice  
and Hylleberg (1982) and by Pregnall  (1983a) f o r  amphipods and s n a i l s  
feeding on Ent eromrvha . 
Reproduction can reduce the  amount of biomass. Bhyne (1973) 
a t t r i b u t e d  t h e  e a r l y  suarmer decl ine  of Ulva gurvata  and Ulva rotundat& 
on t h e  North Carolina coas t  t o  t h e  r a t e  of reproduction outs t r ipping 
vegeta t ive  growth, coupled with the  detachment of t h a l l i  from t h e i r  
subs t ra t e .  He d id  not  determine t h e  r e l a t i v e  importance of e i t h e r  loss .  
The l a rges t  amounts of Ulva were found d r i f t i n g  i n  the  bay between 
June and August, very l i t t l e  was co l l ec ted  i n  September, t h e  f a l l  
dec l ine  of t h e  populations. This was su rp r i s ing ,  a s  t h e  f a l l  dec l ine  i n  
e s tua r ine  a lgae  is sometimes a t t r i b u t e d  t o  removal from t h e  s u b s t r a t e  by 
storms (Pr i ce  and Eylleberg 1982) and one would expect t o  f ind  
considerable amounts of Ylva d r i f t i n g  i n  t h e  e s tua ry  a t  t h i s  time. 
Rapid breakdown of t h e  d r i f t  a lgae  occurs and it i s  thus  poss ib le  t h a t  
by mid September t h e  la rge  amount of biomass produced in August had 
a l ready broken down i n t o  small p a r t i c l e s  o r  had been incorporated i n t o  
sediments. Although no t  measured i n  t h i s  s tudy,  t h e  decomposition r a t e  
of a lgae  is  more rapid  under submerged condi t ions  (Josselyn and 
Mathieson, 1980). Smith and Foreman (1984) found t h a t  f l a t  blades of 
a lgae  decomposed much more quickly than morphologically more complex 
types and t h a t  t h e  h ighes t  producers (which a r e  o f t e n  f l a t  bladed) 
decompose most rapidly .  
From t h e  small amounts of found i n  t h e  d r i f t  samples, the  
amounts of JJlva buried i n  t h e  sediments, and t h e  q u a l i t a t i v e  assessments 
I made a t  t h e  study s i t e  throughout t h e  year ,  much of t h e  - t h a t  is  
e i t h e r  torn  from t h e  rock, o r  dislodged from t h e  eelgrass beds as a 
r e s u l t  of wind-induced wave ac t ion  is  re ta ined in c lose  proximity t o  the 
study s i t e .  These d r i f t  a lgae  a r e  e i t h e r  washed up onto the shoreline 
where they rap id ly  decompose o r  a r e  incorporated in to  the  sediments 
p i tu .  Incorporation of a lgae  i n t o  t h e  sediments has been documented for  
populations of a lgae  growing on mudflats (P r i ce  and Hylleberg 1982; 
Owens and Stewart 1983). P r i ce  and Hylleberg (1982) found tha t  8 - 20% 
of t h e  September biomass of Ulva produced i n  Falee  Bay, Washington was 
incorporated i n t o  t h e  sediments during October. The Ulva was trapped by 
the  s h i f t i n g  sediments a f t e r  a storm. L i t t e r  derived from F c u s  
g is t  and Ir idea growing i n  t h e  i n t e r t  i d a l  and shallow 
subt i d a l  respect ive ly  was re ta ined exclus ively  within the  shallow 
sub t ida l  (Smith and Foreman 1984). Smith and Foreman (1984) indicated 
t h a t  t h e  d i s t r i b u t i o n  of l i t t e r  i n  t h e  shallow sub t ida l  was very patchy 
a s  in  t h i s  study. 
The breakdown of Ulve i n t o  small p a r t i c l e s  is  rapid ,  so  t h a t  algae 
t o m  from t h e i r  s u b s t r a t e  and washed up on t h e  shore w i l l  quickly 
fragment and be u t i l i z e d  by microbes. Algae a r e  broken down in to  small 
p a r t i c l e s  3-10 times f a s t e r  than vascular  p l a n t s  (Josselyn 1978). Algal 
d e t r  i t u s  i s  colonized and mineralized more r a p i d l y  by microrganisms than 
d e t r i t u s  from vascular  p lan t s  (Tenore 1977a1, and it i s  a l s o  a superior  
food f o r  inve r t eb ra tes  (Tenore 1977b). The importance of macroalgae a s  
a food source was shown by Simenstad and Wisemar (1985) who found t h a t  
d e t r i t u s  from a l g a l  sources and ee lg rass  was t h e  primary sources of 
organic carbon i n  detr i tus-based food webs i n  Puget Sound. The decaying 
algae  may themselves be an important food source f o r  inver tebra tes .  
Findley and Tenore (1983) found t h a t  when t h e  polychaete Capi te l la  
d t a t a  was fed on rap id ly  decaying a l g a l  d e t r i t u s  it derived a major 
por t ion  of i t s  ni t rogen from the  a l g a l  s u b s t r a t e ,  whereas when fed on 
slower decaying marsh g r a s s  d e t r i t u s  t h e  microbes colonizing the  g rass  
were t h e  important n i t rogen source. 
The d r i f t  is rap id ly  broken down and becomes ava i l ab le  f o r  
inver tebra te  consumption o r  is  incorporated i n t o  t h e  d e t r i t i v o r e  cycle,  
and because input  is  not  D.. total_ly concentrated i n  a f a l l  peak, a s  in  most 
vascular  p lan t s ,  f ixed carbon from t h e  Ulva w i l l  be ava i l ab le  t o  
e s tua r ine  food webs throughout t h e  growing season of the  algae.  I n  
c o n t r a s t ,  d e t r i t u s  from vascular  p lan t s ,  which decompose much more 
slowly, a c t s  a s  a long-term food resource a s  it is ava i l ab le  during 
winter  months when primary production i s  low. I n  t h i s  respect  t h e  two 
types of d e t r i t u s  a r e  serving d i f f e r e n t  ro les .  
Carbon is most r a p i d l y  t r ans fe r red  from t h e  l iv ing  a l g a l  blade t o  
e s tua r ine  waters through t h e  r e l e a s e  of d issolved organic carbon (DOC) 
during photosynthesis.  The es t imate  from t h i s  s tudy i s  a l i t t l e  higher 
than those i n  t h e  recent  l i t e r a t u r e ,  but is  nuch lower than i n  cases 
where des icca t ion  stress o r  damage t o  t h e  p lan t  have resul ted  in  very 
high r a t e s  of DOC r e l e a s e  ( ~ b a i l o v  and Burlakova 1969; Sieburth 1969). 
Hal l  and F i she r  (1985) estimated t h a t  4% of t h e  photoassimilated carbon 
of a lgae  growing i n  a brackish  marsh was re leased a s  DOC. A s imi la r  
es t imate  of 5% was made by Pregnal l  (1983b) f o r  Enteromor-. 
CEAPTER I V  
A MODEL OF THE PRODUCTION DYNAMICS OF THE ULVA POPULATIONS 
I N  THE COOS ESTUARY, OREGON 
Introduct  ion 
The experiments and measurements d e t a i l e d  i n  chapters  I1 and I11 
can be used t o  cons t ruct  a model of t h e  production biology of Ulva i n  
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t h e  Coos estuary.  Such a model in teg ra tes  t h e  measurements of growth 
and the  es t imates  of production with t h e  d a t a  on grazing,  reproductive 
outputs  and l o s s  of a lgae  f r o m t h e  subs t ra t e .  It provides a way t o  
evaluate t h e  r e l a t i v e  importance of these  outputs ,  both seasonally and 
a t  d i f f e r e n t  l e v e l s  i n  t h e  i n t e r t i d a l .  
The following da ta  from 1984 were used t o  cons t ruct  t h i s  model: 
1. biomass and growth measurements obtained in t h e  f i e l d ;  
2. mean number of inver tebra tes  (amphipods and s n a i l s )  found on 
t h e  Ulva and t h e  est imation of grazing r a t e s  from t h e  lab  
experiments ; 
3. es t imat ion  of consumption of Ulna by Brant Geese from Chapter 
I11 ; 
4. t h e  percentages of reproductive p l a n t s  and reproductive output  
measured i n  t h e  f i e l d .  
Construction of t h e  Model 
The biomass predicted f o r  each month (Bp) was pa r t i t ioned  i n t o  a 
number of compartments using t h e  data  co l l ec ted  i n  the  f i e l d  and the  
laboratory. The compartments can be summarized a s  follows: 
where 
Ba = biomass measured in  the  f i e l d  
H i  = amount ea ten  by inver tebra tes  
Hv = amount ea ten  by ve r t eb ra tes  
R = r e l e a s e  of reproductive products 
D = d r i f t  a lgae  
A s  noted i n  chapter  I1 biomass samples were taken during t h e  low t i d e  
s e r i e s  i n  t h e  middle of each month so  t h a t ,  f o r  example, t h e  es t imate  
f o r  March a c t u a l l y  covers the  period from mid March t o  mid Apri l .  
Because produces spores o r  gametes once a fo r tn igh t ,  t h e  
biomass was divided i n t o  two equal p a r t s ,  represent ing  t h e  growth over 
two, 2-week periods.  The loss  of a lgae  a s  a r e s u l t  of grazing by 
inver tebra tes  during t h e  f i r s t  two weeks was then ca lcula ted  by t h e  
formula : 
H i / 2 =  Bp/2 x N G x G R  
where 
NG = number of grazers  per gram Ulva 
GR = grazing r a t e  
Grazing r a t e s  were measured i n  laboratory experiments a s  previously 
noted (Table 111-41, and t h e  number of inve r t eb ra tes  estimated by 
counting those a t tached t o  the  a lgae  co l l ec ted  f o r  biomass measurements. 
The grazing r a t e  obtained i n  the  lab  i n  May was used f o r  March - June 
ca lcu la t ions  and the  r a t e  from August f o r  Ju ly ,  August and September 
ca lcula t ions .  During March and Apr i l  t h e  amount of Ulva eaten by Brant 
Geese was determined (Table 111-2). For both of these  months the  
quant i ty  (Hv) was divided by 2, combined with t h e  amount ea ten  by 
inver tebra tes  and subt rac ted  from t h e  predic ted  biomass. 
It was then assumed t h a t  t h e  reproduced and the  quantity 
released a s  gametes was estimated a s  follows: 
RIP = (Bpi2 - Hi12 - Hv/2) x PR x PG x 0.326 
where 
PR = f r a c t i o n  of t h e  population t h a t  reproduced 
PG = f r a c t i o n  of t h e  p lant  t h a t  produced gametes 
0.326 = f r a c t i o n  of t h e  reproductive por t ion  of t h e  p lant  released a s  
gametes (from Chapter 111) 
For months where no es t ima te  of reproductive condi t ion  was measured t h e  
est imate from t h e  following month was used. 
This process was repeated f o r  t h e  f i n a l  2 week period of t h e  month 
and t h e  amount grazed and l o s t  in  reproduct ion summed with t h a t  from t h e  
f i r s t  period. These outputs  and t h e  a c t u a l  biomass measured i n  t h e  
f i e l d  were subt rac ted  from t h e  predicted biomass a s  follows: 
D a B p - H i - H v - R  
This g ives  t h e  quan t i ty  of Ulva unaccounted f o r  i n  these  ca lcu la t ions  
which represen t s  t h e  l o s s  of ma te r i a l  from t h e  s u b s t r a t e ;  a lgae  t h a t  
were e i t h e r  removed from t h e  s i t e  a s  d r i f t  o r  were buried i n  t h e  
sediments. A t  t h e  low i n t e r t i d a l  s i t e  i n  September and a t  both l eve l s  
in  October no n e t  growth occurred. I n  these  cases t h e  a c t u a l  biomass 
from t h e  previous month was used a s  t h e  predic ted  biomass value. 
Resul ts  and Discussion 
The output of the  model i s  presented i n  Table IV-1,  which gives t h e  
grams of Ulva per m2 t h a t  a r e  ea ten ,  produced a s  gametes o r  l o s t  a s  
d r i f t .  In t h i s  t a b l e  d r i f t  r e f e r s  t o  ma te r i a l  t h a t  was removed from t h e  
study s i t e  a s  whole o r  p a r t i a l  p l an t s  t o r n  from t h e  subs t ra t e ,  a s  empty 
t h a l l u s  c e l l s  l o s t  a f t e r  reproduction, o r  a s  fragments of p lan t s  a s  a 
r e s u l t  of senescence, and whose f a t e  it was not  poss ib le  t o  determine; 
it is  e i t h e r  incorporated i n t o  sediments o r  d r i f t s  f r e e  i n  t h e  water 
column. To assess  t h e  amount of organic carbon t h a t  d i f f e r e n t  
production outputs  represent ,  t h e  values f o r  g dry  weight m-2 were 
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converted t o  g C m using the  f i g u r e  of 34.7% carbon reported by 
Lapointe and Tenore (1981) f o r  Ulva h c i a ~ .  These r e s u l t s  a r e  shown 
i n  Figure IV-1. The most important pathway by which carbon f ixed by 
Ulva en te r s  e s tua r ine  waters is in  t h e  form of d r i f t  mater ia l .  This 
output accounts f o r  70% of n e t  production. 
Grazing is of l e s s  importance, accounting f o r  10.4% of n e t  
product ion (Figure IV-1). This i n t e n s i t y  of grazing i s  cons i s t en t  wi th  
t h e  hypothesis t h a t  only a small amount of e s t u a r i n e  p lan t s  is consumed 
d i r e c t l y  (Corre l l  1978; Kikuchi 1980; Baird and Milne 1981). It is  i n  
cont ras t  t o  Pr ice  and Hylleberg (1982) who est imated t h a t  amphipod 
populations could have consumed over ha l f  t h e  annual n e t  production of 
Ulva i n  False Bay, Washington. Grazing i s  most important during the  
e a r l y  and l a t t e r  par t  of the  growing season. During t h e  e a r l y  par t  of 
the  growing season grazing removes a cons iderable  percentage (26.8 - 
Table IV-1. 1984 Production Outputs of in the Coos Estuary. 
A l l  values are in  g dry wt per m2. 
Month Predicted Grazing Beproduct ion Drift 











FIGURE IV-1. k d e l  of the production outputs of Ulv from Fossil  
Point in 1984. A11 values are gC m*rl. 
I NET PRODUCTION 1 
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68.9%, Fig.  IV-2) of a l g a l  biomass from t h e  mid i n t e r t i d a l .  This can 
almost e n t i r e l y  be a t t r i b u t e d  t o  grazing by Brant Geese. This removal 
could enhance the  growth r a t e  of t h e  remaining a l g a e  as  Lapointe and 
Tenore (1981) found t h a t  a t  low biomass l e v e l s  growth was more rapid  
than a t  higher l eve l s ,  but it is  more l i k e l y  t h a t  because t h e  geese 
remove e n t i r e  blades of a lgae  they reduced p o t e n t i a l  a l g a l  production by 
removing biomass. Extrapola t ion  of t h e  r e s u l t s  of waterfowl grazing t o  
Coos Bay a s  a whole i s  not  t o t a l l y  accura te ;  Brant Geese a r e  more common 
i n  the  study a rea  than in many o the r  a r e a s  of Coos Bay. This is  
p a r t i a l l y  a r e s u l t  of t h e  dec l ine  i n  t h e  numbers of Brant i n  recent  
decades probably due t o  hunting and l o s s  of feeding hab i t a t  (D. Bauer, 
U.S. Fish  and Wildl i fe  Service,  pers.  comm.) 
During t h e  middle of t h e  growing season g raze r s  consume only a 
small amount of t h e  biomass a t  both l e v e l s  (Figure IV-3). Towards t h e  
end of t h e  growing season (August - October) graz ing again becomes more 
important. Herbivorous s n a i l s  and amphipods remove between 12.4 and 
23.8% of t h e  t o t a l  ne t  production ( ~ i g u r e  IV-2). This grazing 
contr ibutes  t o  t h e  f a l l  dec l ine  i n  biomass. A t  t h i s  time not only is  
growth slowing because l i g h t  l eve l s  a r e  decreasing and a lgae  a r e  being 
s t r ipped from t h e  i n t e r t i d a l  by winds, but  inve r t eb ra te  grazers  a r e  more 
numerous and remove a l g a l  mater ia l .  Warwick e t  a l .  (1982) suggested 
t h a t  grazers  could be p a r t i a l l y  responsib le  f o r  t h e  f a l l  dec l ine  in 
u o m r ~ h a  populations growing on mudf l a  t s . The a c t i v i t i e s  of 
inver tebra te  g raze r s  a r e  more important i n  t h e  mid than i n  t h e  low 
i n t e r t i d a l  (Figure IV-3); from Ju ly  t o  October g raze r s  consume between 
FIGUBE IV-2. The rponthly outputs of reproductive products, drift  and 
grazed algae as a percentage of the estimated monthly net 
production of Ulve a t  Fossil Point in 1984. 

FIGURE IV-3. The amount of nmnthly net production of Jllva that i s  
eaten by grazers, released as gametes or wospores, and 
lost from the study s i t e  as dr i f t  algae in 1984. The top 
bar for each month represents the mid intertidal and the 
lower bar the low intertidal. NP: no production a t  the 
s i t e .  
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37 - 78% of the -p red ic ted  biomass i n  t h e  mid i n t e r t i d a l .  
The biweekly r e l e a s e  of gametes accounts f o r  12.2% of ne t  
production (Figure IV-1). Rhyne (1973) a t t r i b u t e d  the  spr ing  decl ine  of 
lilyk i n  North Carolina p a r t i a l l y  t o  the  r a t e  of reproduction 
outs t r ipping vegeta t ive  growth. Although reproduct ion  r e s u l t s  in a l o s s  
of biomass i n  t h e  present  study it was not  responsib le  f o r  a decl ine  in 
t h e  population biomass during t h e  growing season. Growth r a t e s  of the  
two populations were similar i f  doublings per  day a r e  compared (0.08 - 
0.69, t h i s  study; 0.02 - 0.33, Rhyne 1973). Reproductive r a t e s  could be 
low i n  t h e  Coos Bay population. Subbaramaiah (1970) found t h a t  Ulva 
fascia& p lan t s  growing i n  Veraval, Ind ia  were reduced in s i z e  from 20 
-150cm t o  l ees  than 5cm a s  a r e s u l t  of t h e  formation of swarmers. 
The amount of Ulva t h a t  becomes d r i f t  m a t e r i a l  i s  l a rge ,  ranging 
from 61 - 82% of t h e  n e t  production f o r  most of t h e  growing season 
(Figure IV-2). Growth dec l ines  i n  September and t h e  major i ty  of the  
production is  l o s t  from both i n t e r t i d a l  l e v e l s  j u s t  p r i o r  t o  t h i s  
period,  i .e.  a t  t h e  end of August (Figure IV-31, with d r i f t  accounting 
f o r  over 75% of t h e  output .  One way t o  a s s e s s  t h e  v a l i d i t y  of the  
amount of d r i f t  ma te r i a l  predic ted  by t h i s  model is t o  compare i t s  
output f o r  t h i s  component with t h e  quant i ty  of m a t e r i a l  seen in  the  
f i e l d .  It is  not  poss ib le  t o  do t h i s  d i r e c t l y  a s  production of d r i f t  
ma te r i a l  was determined by measuring t h e  amount of Ulva found per  m3 of 
water f i l t e r e d  through n e t s  towed a t  t h e  su r face  o r  placed on t h e  bottom 
and was not estimated d i r e c t l y  from t h e  subs t ra t e .  It can be done, 
however, r e l a t i v e l y  by a graphica l  comparison a s  shown i n  Figure IV-4. 
FIGURE IV-4. A graphical comparison of the amount of dr i f t  Ulva trapped 
downstream from the study s i t e  each nonth ( i n  mg dry weight 
m-3 water f i l tered)  and the amount of dr i f t  material 
estimated t o  leave the study s i t e  each mnth ( in  g dry 
weight mW2). 

The r e l a t i v e  proport ion and the  temporal r e l a t i o n s h i p  of the  estimated 
d r i f t  and t h a t  measured i n  the  f i e l d  a r e  q u i t e  s i m i l a r ,  suggesting t h a t  
the  q u a n t i t i e s  of d r i f t  estimated i n  t h e  model a r e  r e a l i s t i c .  The f a t e  
of the  a l g a l  ma te r i a l  s t r ipped from t h e  s u b s t r a t e  is  unknown. As 
discussed i n  Chapter I11 some Ulva is  buried i n  t h e  sedilnents where it  
w i l l  decay q u i t e  r a p i d l y  (Pr ice  and Hylleberg, 1982). Burial of 
Enteromor~ha i n  e s tua r ine  sediments during t h e  growing season was 
observed by Owens and Stewart (19831, but q u a n t i t i e s  were not est imated.  
Some o the r  ma te r i a l  w i l l  d r i f t  around i n  t h e  bay o r  be washed up in  t h e  
wrack l ine .  Josselyn and Hathieeon (1980) showed t h a t  d r i f t  a lgae ,  i n  
t h i s  case A S C O D ~ Y _ ~ ~ U ~  m, can represent  a s i g n i f i c a n t  component o f  
p a r t i c u l a t e  organic matter  i n  t h e  estuary.  
The r e l e a s e  of dissolved organic carbon (DOC) by photoeynthesising 
represents  7.8% of t h e  r ecen t ly  f ixed carbon. DOC is immediately 
ava i l ab le  f o r  use  by bac te r i a  (Brylinsky 1977; Pregnal l  1983 ) and by 
some inver tebra tes  (Sorokin 1973; Fankboner and Druehl 1976; Stewart 
19791, and represents  a r ap id ly  u t i l i z e d  carbon source. This f ixed 
carbon i s  l o s t  from t h e  p lant  before t h e  es t imate  of production was made 
i n  the  f i e l d ,  and so  i s  not  accounted f o r  d i r e c t l y  i n  t h i s  model. 
However an es t imate  of t h e  annual amount of DOC can be made from t h e  
predicted biomass (Table IV-l), with t h e  assumption t h a t  7.8% is  
representa t ive  of t h e  e n t i r e  growing season. The es t imate  f o r  DOC 
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r e l ease  is  46.9 g C m i n  1984. This i s  s i m i l a r  t o  the  amount of 
carbon t r ans fe r red  through inver tebra te  g raze r s  ( ~ i g u r e  IV-1). Poss ib ly  
t h e  amount of DOC re leased annually is  an  underestimate because i t  does 
not take i n t o  account f luc tuat ions  that  occur as a re su l t  o f  exposure t o  
a i r  and subsequent reimmersion, and t o  d i f f e r i n g  s a l i n i t i e s  (Sieburth, 
1969; Penhale and Smith, 1977; Pregnall ,  1983b). 
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